Phonological Mean Length of Utterance as an indicator of typical and impaired phonological development in children acquiring Finnish by Saaristo-Helin, Katri
INSTITUTE OF BEHAVIOURAL SCIENCES 
UNIVERSITY OF HELSINKI 
 
 
 
 
 
 
 
 
 
PHONOLOGICAL MEAN LENGTH OF UTTERANCE AS AN INDICATOR OF 
TYPICAL AND IMPAIRED PHONOLOGICAL DEVELOPMENT                         
IN CHILDREN ACQUIRING FINNISH 
 
 
Katri Saaristo-Helin 
 
 
 
 
 
 
 
 
 
Academic dissertation to be presented with the assent of the Faculty of Behavioural 
Sciences, University of Helsinki, for public discussion in the Hall 5, Fabianinkatu 33, 
Helsinki, on December 3rd 2011, at 10 am. 
  
 
Supervised by 
Docent Tuula Savinainen-Makkonen, University of Oulu 
Professor emeritus Antti Iivonen, University of Helsinki 
 
 
Reviewed by 
Professor Marilyn M. Vihman, Univerity of York, UK 
Professor Eeva Leinonen, King’s College, University of London, UK 
 
 
Opponed by 
Professor Eeva Leinonen, King’s College, University of London, UK 
 
 
 
ISSN 1798-9191 
ISSN-L 1798-9191 
ISBN 978-952-10-7346-5 (paperback) 
ISBN 978-952-10-7347-2 (PDF, http://ethesis.helsinki.fi) 
 
Unigrafia 
Helsinki 2011 
© Katri Saaristo-Helin 
ABSTRACT 
PHONOLOGICAL MEAN LENGTH OF UTTERANCE AS AN INDICATOR OF TYPICAL 
AND IMPAIRED PHONOLOGICAL DEVELOPMENT IN CHILDREN ACQUIRING 
FINNISH 
 
Katri Saaristo-Helin  
University of Helsinki, FIN 
 
The aim of this study was to examine the applicability of the Phonological Mean Length of 
Utterance (pMLU) method to the data of children acquiring Finnish, for both typically 
developing children and children with a Specific Language Impairment (SLI). Study I 
examined typically developing children at the end of the one-word stage (N=17, mean age 
1;8), and Study II analysed children’s (N=5) productions in a follow-up study with four 
assessment points (ages 2;0, 2;6, 3;0, 3;6). Study III was carried out in the form of a review 
article that examined recent research on the phonological development of children acquiring 
Finnish and compared the results with general trends and cross-linguistic findings in 
phonological development. Study IV included children with SLI (N=4, mean age 4;10) and 
age-matched peers. The analyses in Studies I, II and IV were made using the quantitative 
pMLU method. In the pMLU method, pMLU values are counted for both the words that the 
children targeted (so-called target words) and the words produced by the children. When 
the child’s average pMLU value is divided with the average target word pMLU value, we are 
able to examine that child’s accuracy in producing the words with the Whole-Word Proximity 
(PWP) value. In addition, the number of entirely correctly produced words is counted to 
obtain the Whole-Word Correctness (PWC) value. Qualitative analyses were also carried out 
in order to examine how the children’s phoneme inventories and deficiencies in 
phonotactics would explain the observed pMLU, PWP and PWC values. 
The results showed that the pMLU values for children acquiring Finnish were relatively 
high already at the end of the one-word stage (Study I). The values were found to reflect the 
characteristics of the ambient language. Typological features that lead to cross-linguistic 
differences in pMLU values were also observed in the review article (Study III), which noted 
that in the course of phonological acquisition there are a large number of language-specific 
phenomena and processes. Study II indicated that overall the children’s phonological 
development during the follow-up period was reflected in the pMLU, PWP and PWC values, 
although the method showed limitations in detecting qualitative differences between the 
children. Correct vowels were not scored in the pMLU counts, which led to some 
misleadingly high pMLU and PWP results: vowel errors were only reflected in the PWC 
values. Typically developing children in Study II reached the highest possible pMLU results 
already around age 3;6. At the same time, the differences between the children with SLI and 
age-matched peers in the pMLU values were very prominent (Study IV). The values for the 
children with SLI were similar to the ones reported for two-year-old children. Qualitative 
analyses revealed that the phonologies of the children with SLI largely resembled the ones of 
younger, typically developing children. However, unusual errors were also witnessed (e.g., 
vowel errors, omissions of word-initial stops, consonants added to the initial position in 
words beginning with a vowel).  
This dissertation provides an application of a new tool for quantitative phonological 
assessment and analysis in children acquiring Finnish. The preliminary results suggest that, 
with some modifications, the pMLU method can be used to assess children’s phonological 
development and that it has some advantages compared to the earlier, segment-oriented 
approaches. Qualitative analyses complemented the pMLU’s observations on the children’s 
phonologies. More research is needed in order to verify the levels of the pMLU, PWP and 
PWC values in children acquiring Finnish. 
Keywords: phonology, Phonological Mean Length of Utterance, Specific Language 
Impairment, typical phonological acquisition, qualitative phonological analyses, Finnish 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ABSTRAKTI 
PHONOLOGICAL MEAN LENGTH OF UTTERANCE AS AN INDICATOR OF TYPICAL 
AND IMPAIRED PHONOLOGICAL DEVELOPMENT IN CHILDREN ACQUIRING 
FINNISH 
 
Katri Saaristo-Helin  
Helsingin yliopisto, FIN 
 
Tutkimuksen tavoitteena oli tutkia miten ilmauksen fonologista keskipituutta mittaava 
pMLU-menetelmä (engl. The Phonological Mean Length of Utterance, pMLU) soveltuu 
suomea omaksuvien lasten äänteellisten taitojen arviointiin. Tutkimuksessa oli mukana 
lapsia, joiden kielellinen kehitys oli edennyt tyypillisesti sekä lapsia, joilla oli todettu 
kielellinen erityisvaikeus (engl. Specific Language Impairment, SLI). Ensimmäinen 
osatutkimus tarkasteli tyypillisesti kehittyvien lasten (N=17, ikä keskimäärin 1;8) ilmauksia 
ensisanojen kauden lopulla ja toinen osatutkimus analysoi tyypillisesti kehittyvien lasten 
(N=5) äänteellistä kehitystä seurantatutkimuksessa, jonka aineisto kerättiin neljässä 
ikävaiheessa (iät 2;0, 2;6, 3;0, 3;6). Kolmas osatutkimus oli katsausartikkeli, joka kokosi 
viimeaikaisia tutkimustuloksia suomea omaksuvien lasten äänteellisestä kehityksestä ja 
vertaili tuloksia yleisiin kehitystrendeihin ja kieltenvälisiin havaintoihin. Neljännessä 
osatutkimuksessa arvioitiin äänteellistä kehitystä lapsilla (N=4, ikä keskimäärin 4;10), joilla oli 
kielellinen erityisvaikeus, sekä heidän ikäverrokeillaan. Analyysit tehtiin äänteellistä kehitystä 
numeerisesti arvioivalla pMLU-menetelmällä. Menetelmässä lasketaan sekä lasten 
tavoittelemille että lasten tuottamille sanoille pMLU-arvot. Vertaamalla lapsen tuottamien 
sanojen keskimääräistä pMLU-arvoa lapsen tavoittelemien sanojen keskimääräiseen pMLU-
arvoon voidaan tarkastella ilmauksen suhteellista tarkkuutta (engl. The Proportion of Whole-
Word Proximity, PWP). Lisäksi aineistosta tarkastellaan täysin oikein tuotettujen sanojen 
osuutta (The Proportion of Whole-Word Correctness, PWC) suhteessa analysoitavien sanojen 
määrään. Lasten tuottamia sanoja analysoitiin myös laadullisesti ja tarkasteltiin kuinka hyvin 
pMLU-, PWP- ja PWC -arvot heijastavat lasten äänteellisiä taitoja tai puutteita 
äänneparadigmoissa ja äänteiden yhdistelytaidoissa.  
Tutkimuksen tulokset osoittivat, että suomea omaksuvien lasten pMLU-arvot ovat 
suhteellisen korkeita jo ensisanojen kauden lopulla (osatutkimus I). Arvot heijastelivat 
omaksuttavan kielen rakenteellisia ominaisuuksia. Suomen kielen rakenteelliset 
ominaisuudet johtavat äänteellisen kehityksen kielikohtaisiin prosesseihin ja ilmiöihin, ja 
näiden ilmiöiden todettiin myös liittyvän kieltenvälisiin eroihin pMLU-arvoissa 
(osatutkimukset II ja III). Seurantatutkimuksessa (osatutkimus II) lasten äänteellisen 
kehityksen eteneminen oli havaittavissa kasvaneissa pMLU-, PWP-, ja PWC -arvoissa. 
Laadulliset analyysit kuitenkin osoittivat, että lasten välillä oli huomattavia eroja sanojen 
tarkkuudessa, eivätkä nämä erot näkyneet lasten pMLU- ja PWP-arvoissa. Erot johtuivat 
muun muassa lasten tekemistä vokaalivirheistä sekä siitä, että osa lapsista tavoitteli 
pitempiä ja rakenteeltaan haasteellisempia sanoja kuin toiset. Osatutkimuksessa II lasten 
pMLU-arvot näyttivät saavuttavan tavoitesanojen pMLU-arvot jo ikävaiheessa 3;6, kun taas 
osatutkimuksessa IV pMLU-arvot lapsilla, joilla oli kielellinen erityisvaikeus, olivat kaukana 
ikäverrokkien pMLU-arvoista. Lähes viiden vuoden ikäisillä lapsilla, joilla oli kielellinen 
erityisvaikeus, pMLU-arvot olivat samankaltaisia kuin arvot kahden vuoden ikäisillä 
tyypillisesti kehittyvillä lapsilla. Laadulliset analyysit paljastivat, että äänteelliseltä 
kehitykseltään lapset, joilla oli kielellinen erityisvaikeus, muistuttivat nuorempia tyypillisesti 
kehittyviä lapsia, mutta heidän ilmaisuissaan havaittiin myös epätyypillisiä virheitä (esim. 
vokaalivirheet, sananalkuisten klusiilien kato, konsonanttien lisääminen sananalkuiseen 
asemaan vokaalialkuisissa sanoissa).  
Tässä väitöskirjassa sovellettiin uutta kvantitatiivista äänteellisen kehityksen 
arviointimenetelmää suomen kieltä omaksuvien lasten aineistoon. Alustavien tulosten 
mukaan pMLU-menetelmää voidaan käyttää suomea omaksuvien lasten äänteellisen 
kehityksen arvioinnissa ottaen huomioon ne kehitystarpeet, jotka tässä tutkimuksessa tulivat 
ilmi. Tutkimuksessa tehdyt laadulliset analyysit täydensivät havaintoja lasten äänteellisestä 
kehityksestä. Lisää tutkimusta tarvitaan, jotta voidaan saada normitietoa pMLU- PWP- ja 
PWC-arvoista suomea omaksuvien lasten äänteellisen kehityksen eri vaiheissa. 
Avainsanat: fonologia, Ilmauksen Fonologinen Keskipituus, Kielellinen erityisvaikeus, 
tyypillinen fonologinen kehitys, laadulliset fonologiset analyysit, suomen kieli 
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1 INTRODUCTION  
 
The present study deals with phonological assessment and analysis in children acquiring 
Finnish. The term phonology refers here to the study of the phonological systems of 
languages: how phonemes are organised and used in natural languages. The phonological 
system of a language includes an inventory of phonemes and their features, and the rules 
which specify how the phonemes interact with each other (phonotactics). In addition, 
phonology also encompasses the area of prosody (i.e., suprasegmental features in speech, 
such as stress and intonation). Phonology is one aspect of the linguistic system alongside 
phonetics, morphology, syntax, semantics and pragmatics. An important distinction is made, 
however, when we refer to the study of phonological development or phonological 
acquisition in children: The focus is on how children acquire the phonological system of the 
ambient language(s), learn the phonological rules, manage to produce contrasts between 
phonemes, and combine those phonemes in words. However, in the study of child language 
acquisition, the interface between phonology and phonetics is often blurred. Indeed, Iivonen 
(1991, 1994, 1995) suggests that perhaps we ought to refer to the child’s phonological-
phonetic development rather than mere phonological development. However, for the sake of 
simplicity, the term phonological development will be adopted in this study. 
In the subheadings of this introduction, we will first take a look at the theoretical 
background in the methods of phonological assessment and analysis. Next, the Phonological 
Mean Length of Utterance –metric (Ingram, 2002) is introduced. Lastly, we will examine 
Specific Language Impairment and Childhood Apraxia of Speech from a phonological point of 
view. After the introduction, the research questions and methodology are presented, and 
the main findings of the studies are reported. The last chapter discusses the results in 
relation to earlier findings and methodology and considers the potential directions for future 
research.  
 
1.1 Phonological assessment and analysis 
 
The assessment of children’s phonological development is an issue that interests both 
researchers and clinicians. While researchers are interested in the speech acquisition 
process and its universal, language-specific and individual features, clinicians attempt to find 
the frameworks for normal versus delayed and/or deviant development and the 
characteristics that would differentiate these groups. From a speech and language 
therapists’ point of view, the assessment of children’s phonological development – or any 
other area of linguistic development – can also be motivated by several factors. First of all, 
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the assessment procedure intends to define ‘a stage’ or a level of the child’s phonological 
skills, and then compares the results to those of the child’s age-matched peers. A 
comparison of a child’s phonological profile to those of his/her age-matched peers not only 
yields important information as to the child’s abilities (and disabilities), but also works as 
motivation for speech and language therapy. The second aspect should determine the 
direction and focus of the intervention: ‘which are the most important issues to be 
encountered in therapy?’ The last aspect, and a very important one, is that by assessing the 
child’s developmental situation at one point in time, we are able to repeat the assessment in 
the future and evaluate whether any change has occurred during the time that has elapsed. 
If we clinicians want to assess the positive consequences of our actions, then these types of 
studies that adopt different intervention methods and the measurement of their 
effectiveness are becoming increasingly important.  
 
Elicited versus spontaneous speech samples 
 
A comprehensive assessment of a child’s phonological development usually exploits data 
from both elicited single words and conversational speech (Miccio, 2002; Stoel-Gammon, 
2010). Furthermore, formal articulation tests that collect data with picture-naming 
procedures often ensure that virtually all possible phonemes and phoneme combinations 
are tested. However, in some cases, the elicited data is inadequate, as the child’s problems 
may be prominent only in conversational speech. Single words produced in an articulation or 
phonology test represent the child’s production abilities ‘at their best’: for example, 
children’s dyspraxic features in speech usually emerge when a greater linguistic load is 
present and the child produces whole sentences instead of single words. For this reason, a 
running speech sample is also necessary and as Stoel-Gammon (2010) notes, it does “… 
provide information on intelligibility, prosody, and interactions between speech and 
language”. Some methods have been developed exclusively for the assessment of children’s 
spontaneous speech, such as, the Percentage of Consonants Correct (PCC, Shriberg & 
Kwiatkowski, 1982), the Phonological Mean Length of Utterance (pMLU, Ingram, 2002), and 
the Word Complexity Measure (WCM, Stoel-Gammon, 2010).  
 
Independent and relational analyses 
 
Broadly speaking, the analysis methods used in the evaluation of children’s phonological 
development differ with respect to one major methodological decision: they do or do not 
compare the child’s productions to the adult model. An independent analysis (see Stoel-
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Gammon & Dunn, 1985) assesses the child’s utterances without paying any attention to their 
targets (such as, whether the productions are right or wrong in comparison to their targets, 
is irrelevant). Rather, an independent analysis intends to determine what kinds of segments, 
combinations of segments and syllable/word types the child is able to produce. The focus is 
therefore on the ‘breadth’ of the child’s constantly expanding phonological system (see, for 
example, Stoel-Gammon, 2010). This independent analysis is very useful in cases where a 
child’s speech is highly unintelligible and the target words are hard to define. An 
independent analysis is also recommendable when the speech of very young children is 
examined: because the children’s first words are holistic in nature (see, for example, 
Ferguson & Farwell, 1975), it is not yet reasonable to examine the correctness of segments 
that the child produces1. There seems to be growing interest in independent analysis 
methods: new independent analysis methods have been introduced recently (see Jakielski, 
Maytasse, & Doyle, 2006; Stoel-Gammon, 2010). 
A far more typical analysis of children’s phonological development is conducted using 
a relational analysis (Stoel-Gammon & Dunn, 1985), in which the child’s productions are 
compared to the target words, and the degree of correctness is measured or described. 
Articulation and phonology tests and many other assessment methods (such as the PCC, 
Shriberg & Kwiatkowski, 1982) are based on a relational analysis. This type of analysis is easy 
when the child’s target words are known. Nevertheless, the relational analysis also faces 
some challenges, the biggest of them relating to the definition of target words. Indeed, the 
identification of target words can be problematic in the cases of unintelligible speech, or in 
the speech of very young children, and especially in agglutinating languages such as Finnish, 
where the various inflectional forms are added to the word stems (cf. The situation in 
English is very different due to the extensive use of prepositions). 
 
Qualitative and quantitative analysis methods  
 
Whether the phonological development of children should be assessed with qualitative or 
quantitative methods is a topic that has evoked lively debate among linguists and clinicians 
for decades. At the moment there seems to be the widely accepted agreement that both 
kinds of methods are needed in order to obtain a comprehensive view of a child’s abilities 
                                                          
1
 There has, however, been two conflicting views concerning early words: one stating that children are able to 
realise and analyse the segmental organization and distinctions of words very early, and another arguing that 
this segmentation is made only at a later stage (for more discussion see, e.g., Waterson, 1971; Ferguson & 
Farwell, 1975; Peters, 1977; Menn, 1978; Menuyk, Menn, & Silber, 1986; Oller & Steffens, 1994, Vihman, 
Velleman, & McCune, 1994). 
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and disabilities (see, for example, Tyler & Tolbert, 2002; Miccio, 2002). Let us now examine 
the strengths and weaknesses of both methods of analysis.  
Qualitative analyses include the ‘traditional’ phonological analysis methods such as the 
phoneme inventory analyses (see e.g., Stoel-Gammon, 1985), the analysis of word templates 
used by the child (Menn, 1983; Vihman, 2010), and the analysis of phonological processes in 
the child’s speech (Stampe, 1969; Ingram, 1981; Grunwell, 1987). The phoneme inventory 
analyses and the analysis of phonological processes have been widely used among speech 
and language pathologists and researchers also in Finland. The chronology of phonological 
processes suggested by Grunwell (1987: 229) has provided a very useful tool for the 
identification of normal versus delayed/deviant phonological development in children 
acquiring English. The most intensive research, however, has recently been conducted in the 
field of generative phonology that uses the Optimality Theory as a framework for 
phonological analysis (see Bernhardt & Stemberger, 1998). Optimality theorists describe the 
children’s words and the variation in the words with the help of universal constraints and 
their hierarchical ranking. Optimality theory and a constrain-based account have also been 
used in some of the studies on Finnish children’s phonological development (see Turunen, 
2003; Leiwo & Kulju, 2004; Torvelainen, 2007). 
The qualitative phonological analyses are thorough and precise, and they yield 
important information on the details of a child’s phonological system. This information is 
crucial for the planning of the treatment in therapy, and it should not in any case be 
overlooked solely in the search for ‘a number’ obtained from quantitative data. Whereas 
good qualitative data helps us to understand the nature of a child’s problem and it also adds 
to our understanding of the various forms of phonological disabilities (see Grunwell, 1985, 
PACS, Phonological Assessment of Child’s Speech), the downsides of the qualitative analyses 
are, for example, that they are time-consuming and laborious, and not always easily 
accomplished in rushed clinical settings. In addition, post-therapy follow-ups in the form of 
qualitative analyses are challenging, because the data is described only verbally: the 
expressions of a child’s phonological abilities and/or disabilities are always more imprecise 
and lax than exact numbers would be. 
Quantitative assessment methods, on the other hand, can act as an index of the 
severity of involvement, and a child’s results can easily be compared to those of others. In 
addition, quantitative assessment methods are becoming increasingly important, because 
they provide a useful tool for evaluating improvement in therapy. However, what 
quantitative methods do not necessarily express is information on the nature of a child’s 
phonology that can only be obtained by good qualitative analyses. While it may be 
motivating for the child as well as the therapist to see the child’s progress measured by 
some quantitative analysis methods, the important decisions on treatment targets and 
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methods are usually made on the basis of qualitative data. Qualitative and quantitative 
methods thus complement each other. 
Probably the most widely used quantitative assessment metric in the field of 
phonology has been the Percentage of Consonants Correct (PCC), developed by Shriberg and 
Kwiatkowski (1982, see also Shriberg, Austin, Lewis, McSweeny, & Wilson, 1997). In PCC, the 
number of correct consonants in a child’s production is divided by the number of both 
correct plus incorrect consonants and then that sum is multiplied by 100 to obtain a 
percentage. Shriberg and Kwiatkowski wanted the PCC to serve as an index of severity of 
involvement that reflects three aspects of phonological disorder in children: disability, 
intelligibility, and handicap. The PCC is, however, ‘a segment-oriented’ measure, as it only 
assesses the correctness of single segments. As a response to these kinds of measures and 
traditional articulation tests, Ingram (2002) developed a measure that evaluates whole 
words instead of mere segments, The Phonological Mean Length of Utterance2 (pMLU). In 
the pMLU, the child is rewarded not only for producing correct consonants, but also for 
producing all the segments that constitute the child’s target word. Chapter 1.3 offers a more 
in-depth analysis of the pMLU metric. 
One test that is used extensively to quantify and evaluate the children’s phonological 
abilities is picture naming, and this has been developed in many languages (especially in 
English, see e.g., Bankson-Bernthal Test for Phonology, BBTOP, Bankson & Bernthal, 1990; 
Goldman-Fristoe Test of Articulation, GFTA, Goldman & Fristoe, 2000; Diagnostic Evaluation  
of Articulation and Phonology, DEAP, Dodd, Hua, Crosbie, Holm, & Ozanne, 2006). Picture 
naming tests obtain quantitative data but also analyse the children’s words qualitatively. 
Unfortunately, because of the typological differences between languages, it is impossible to 
use these tests as a comparison in other language environments. This is why we need 
quantitative phonological assessment methods that can work as ‘universal’ or as a language-
independent metric of phonology (such as, the PCC or the pMLU). 
 
1.2 Challenges in stage-based approaches to phonological acquisition 
 
As the literature on children’s phonological development often focuses on describing the 
different phases and phenomena that characterise the development at some point, the 
reader might think that the development is somehow linear or straightforward − a path or a 
stairway from the prelinguistic stage to the completion of phonology, during which the child 
                                                          
2
 The term utterance is, technically, an imprecise expression here, because the pMLU always refers to words, 
not sentences. Vihman, Keren-Portnoy, Bidgood, McGillion, and Whitaker (in revision) have, however, included 
some frozen expressions (such as all done, oh no, what’s that) in the analysis when they appeared to be a part 
of a child’s single-word lexicon. The definition of ‘a word’ is, nevertheless, sometimes also problematic (see 
Vihman & McCune, 1994). 
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acquires the contrastive use of sounds, syllables and word structures of a given language. 
Although there are distinguishable phases in phonological development (for example, the 
prelexical period, the first word period, see Oller, 1980; Ingram, 1989), the differences 
between children acquiring the same language are often also apparent (see, e.g., Macken, 
1986; Bates, Dale, & Thal, 1995). Because of this variation among young language learners, it 
is often rather difficult or even impossible to define any clear-cut stages in development 
(Macken, 1979). Moreover, reorganisations of the entire phonological system have been 
witnessed during the early phonological development (Macken, 1979) and they challenge 
the stage-based approaches. Vihman (1996: 142) has, indeed, argued that phonological 
development may even take the form of a U-shape curve: linearity is not always present in 
development (see also Stemberger, Bernhardt, & Johnson, 1999; Vihman and Croft, 2007, 
Menn & Vihman, 2011).  
Despite the difficulties in defining stages or levels in the phonological acquisition 
process, certain developmental points or milestones have been suggested, since they are 
highly useful in determining the ranges of normal versus delayed or deviant development. 
When Ingram and Ingram (2001; see also Ingram, 2002) introduced the pMLU method, they 
provided possible pMLU stages that would reflect the children’s progress in phonological 
terms. Vihman and Miller (1988) have also suggested 4, 15 and 25 word-points (30-minute 
recording sessions during which the child produces 4, 15 and 25 words) to correspond to the 
lexicons that are twice as big, according to the parent’s diaries. However, according to Menn 
& Vihman (2011), even the stages proposed in the ‘word-point method’ should be used 
cautiously. Menn and Vihman claim that the ‘4-word point’ is “merely a heuristic designed to 
identify the relatively secure start of word use”. The word-point method should perhaps 
rather be taken as a useful reminder that during the early stages of phonological 
development, age-based comparisons are not reasonable.  
Although it seems that non-linearity is predominately present in the early stages of 
phonological development, there might also be later phases in which progression in one 
area leads to regression in another. As Savinainen-Makkonen and Kunnari (2004: 165) point 
out, the acquisition of a new phoneme, especially the Finnish trilled /r/, might lead to a 
situation where the new phoneme becomes overgeneralised in the child’s speech. In other 
words, a child may produce both liquids /l/ (a former substitute for /r/) and /r/ as /r/ (for 
example, a child might produce the word leppäkerttu, ‘ladybird’ as *reppækerttu]). Similar 
findings have also been made in the data presented by Vihman (1982). Vihman argued that 
errors of this type (when the acquisition of a new phoneme reveals confusion related to the 
use of some phonemes) provide evidence for erroneous lexical representations in the child’s 
underlying forms, and that these erroneous representations are a result of a misperception 
of a distinction that the child is not yet making in production (see also Macken, 1980). 
Children’s underlying representations of words in the input lexicons can, thus, be dissimilar 
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to the adult surface form and it is only after the child has learned the appropriate phonetic 
form that the ‘relexification’ can occur (Vihman, 1982).  
The dilemmas associated with age-based comparisons become very prominent when 
we examine children whose speech and language skills are not developing typically, for 
example, children with Specific Language Impairment (SLI). Comparing children with SLI to 
typically developing children of the same chronological age can be frustrating: the 
differences between the children in linguistic abilities are usually overwhelmingly in favour 
of the typically developing children, and the children with SLI display weaknesses in many 
aspects of the language (Leonard, 1998: 27). However, typically developing children also 
show weaknesses in some aspects of language: thus, the distinction is not always clear 
between the aspects that are acquired late in the typically developing group and those that 
actually pose extra challenges for the children with SLI (those that “strike closer to the heart 
of the basic problem”; Leonard, 1998: 27). As a consequence, researchers have used 
comparison groups of normally developing children matched with the children with SLI, for 
example, on the basis of nonverbal mental age or on the basis of the Mean Length of 
Utterance (MLU, Brown, 1973; see also Leonard, 1998: 28). When these groups are matched 
by other measures than the children’s age, researchers are able to identify and to distinguish 
between these aspects that are a part of typical development and those that are not. Thus, 
the comparison also helps in making a differential diagnosis on SLI and delayed/deviant 
language acquisition: processes that are not found in the speech of typically developing 
children at all are considered as being a part of the deviant development. 
 
On speech perception capacities 
 
A central question of the different theoretical models that have been used to explain 
phonological development in children concerns speech perception, early representations of 
speech sounds as segments or syllables, the child’s own productions and especially the 
relationship between underlying representations and early productions (Ingram, 1989; 
Vihman, 1996; Leiwo & Kulju, 2004). Although we do know that the basic sensory capacities 
needed in speech perception and categorisation are present very early, and recent research 
from infants’ speech perception studies suggest that complex language learning skills are 
present even at birth (see Teinonen, 2009), we still do not know when a child really is able to 
perceive the structures of adult words as adults do. As there is great variation in the speech 
production skills of children under two years of age, it would be reasonable to expect 
differences between children also to appear in their speech perception abilities. However, 
children’s early attunement to language-specific characteristics and the ability to produce 
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words with surprising accuracy has led researchers to assume that speech perception 
abilities are perhaps almost adult-like at a very early age. 
 
1.3 Whole-word measure in the assessment of children’s phonological 
development: Phonological Mean Length of Utterance 
 
The Phonological Mean Length of Utterance (pMLU) was first introduced by Ingram and 
Ingram in 2001, and further developed by Ingram (2002). The purpose of this method was 
ambitious: the pMLU was intended to serve as a completely new assessment tool in 
measuring children’s phonological development, similar to the MLU measure (Brown, 1973), 
which is widely used in the assessment of children’s grammatical competence. The pMLU 
was designed to be different from the earlier methods of measurement such as the 
Percentage Consonants Correct (PCC,  Shriberg & Kwiatkowski, 1982; Shriberg, Austin, Lewis, 
McSweeny, & Wilson, 1997) and formal articulation tests, which were focused on the 
segmental aspect of development and on the correctness of single segments. The idea of the 
word versus the segment being the basic unit of analysis was based on the assumption that 
especially during the very early stages of phonological development, children show little 
awareness of the segments in the words that they are targeting and producing (Ingram & 
Ingram, 2001). Moreover, children do not target segments, but rather whole words.  
 
1.4 The pMLU scoring system 
 
The idea of the pMLU method is that by giving points to the child’s words and targeted 
words, it is possible to quantify the word structures, and thus assess both the child’s 
phonological abilities and the complexity of the words that the child is targeting. “The pMLU 
is a basic count of the number of sounds in a word, and the number of consonants” (Ingram, 
2008). In its earliest forms the pMLU method was designed to assess four dimensions in 
children’s phonological development: complexity, proximity, correctness and variability. Of 
these dimensions, complexity, proximity and correctness have been adopted in studies. For 
the time being, Whole-word Variability, which could be used to measure how often a child 
produces words in distinct phonological shapes, has been ignored in the published studies. 
The next sections present a more detailed calculation of pMLU and related values. 
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1.4.1 Phonological Mean Length of Utterance, pMLU 
 
Phonological Mean Length of Utterance is the ‘heart’ of the whole method: it measures 
whole-word complexity for both words targeted by the children and words that the children 
produce. Briefly, pMLU was intended to numerically reflect the complexity of words. For 
example, short words with only one or two segments are therefore only worth a few points, 
while long words with many segments are worth several points. In the pMLU count, the 
child’s target words are first assigned points for all segments (one point for each consonant 
and vowel segment) and an additional point is given for all consonants (one point per 
consonant). A Finnish word such as vene, ‘boat’, would receive a score of six (four plus two), 
while a word such as traktori, ‘tractor’, would receive a score of 13 (eight plus five). In an 
analysis of 100 words, all 100 target word pMLU scores would be added and the sum would 
be divided by the number of words to gain an average target word pMLU score.   
The child’s own pMLU scores are calculated in the exact same way: by assigning a 
point to all segments in the word, and then one extra point for each correct consonant. A 
child’s production of the word ‘boat’ (vene) as [nene] would thus score five points (four plus 
one) and the production [lɑktoli] for traktori (‘tractor’) would be worth nine points (seven 
plus two). The child’s mean pMLU value is calculated in the same way the target words were 
counted, by adding a child’s pMLU scores together and dividing the sum by the number of 
words. 
 
1.4.2 The Proportion of Whole-Word Proximity, PWP 
 
Whereas pMLU values are designed to capture the complexity of words that children target 
and produce, the Proportion of Whole-word Proximity (PWP) compares the child’s pMLU to 
that of the targets’ pMLU by dividing the former into the latter. Proximity thus refers to a 
score that reflects the degree of accuracy in the words. For example, by producing all words 
entirely correctly, a child would hypothetically receive a PWP score of 1.0. The proximity 
value for the production of traktori (‘tractor’) as *lɑktoli] would, for instance, be 9/13, i.e. 
0.69. 
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1.4.3 The Proportion of Whole-Word Correctness, PWC 
 
The third measure in the pMLU method is Whole-Word correctness (PWC), which differs 
somewhat from the measures of complexity and proximity. A child’s Whole-Word 
Correctness is obtained simply by calculating the total number of words that he/she 
produces correctly (a correct word receives one point, an incorrect word zero points) and by 
dividing that number by the total number of words in a sample to obtain a Whole-Word 
Correctness (PWC) value. For example, if a child produced 70 words entirely correctly from a 
sample of 100 words, the PWC value would be 70/100 = 0.70, that is, 70%. 
 
1.4.4 Calculation of the pMLU, examples 
 
To view more examples on the calculation of the pMLU, see Table 1. It is important to note 
that the pMLU does not score the correctness of vowels. Vowels are given a ‘segment point’ 
but not a ‘correct vowel’ point, which leads to situations where a child can obtain a 
maximum number of points for a word, which actually is not produced maximally correctly. 
As an illustration, the target pMLU for the word tyhmä ([tyhmæ+), ‘stupid’, is eight points, 
and a child receives the same pMLU (eight points) although he/she would produce the word 
as [tuhmɑ+, ‘naughty’. This production also receives a proximity (PWP) value of 1.0 
(maximum score), although the word is produced incorrectly. Here the proportion of the 
Whole-word Correctness (PWC) value is useful: although the pMLU and PWP values do not 
cover these, normally quite rare cases of incorrect vowels, the PWC value indicates that the 
word is indeed not produced entirely correctly. There is something wrong with the child’s 
vowels, when high proximity values are combined with low Whole-Word Correctness values. 
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Table 1. Examples of the calculation of the pMLU, PWP and PWC values. 
Word 
count 
Target word Child's production Target 
pMLU 
Child's 
pMLU 
Correctness 
1 yö ‘night’ [øø3] 2 2 0 
1 ja ‘and’ [jɑ] 3 3 1 
1 tuo ‘that’ [too] 4 4 0 
1 anna ‘give’ [ɑnnɑ] 5 5 1 
1 istu ‘sit’ [ittu] 6 5 0 
1 nappi ‘button’ [mɑppi] 7 6 0 
1 lehmä ‘cow’ [lemmæ] 8 7 0 
1 hammas ‘tooth’ [ɑmmɑt] 9 6 0 
1 paljon ‘a lot’ [pɑɑjon] 10 9 0 
1 reŋkaat ‘tires’ *eŋkɑɑ] 11 7 0 
1 rakentaa ‘build’ [ɑketɑɑ] 12 8 0 
1 traktori ‘tractor’ [lɑkkoi] 13 7 0 
1 lentokone ‘airplane’ [eekokone] 14 10 0 
13  TOTAL 104 79 2 
  pMLU=(104/13), (79/13) 8.00 6.08  
  PWP=(6.08/8.00) 0.76   
  PWC=(2/13) 0.15   
 
 
1.5 Rules for the calculation of the pMLU 
 
Ingram (2002) has defined the rules for the calculation of the pMLU (see Table 2). These 
rules deal with, for example, the number of words that are needed for the analysis, the type 
of words that can be accepted in the pMLU counts, and the system according to which the 
words are assigned points.  
 
 
 
 
 
 
 
 
 
                                                          
3
 The Finnish vowel that is written as ‘ö’ is usually transcribed with the nearest IPA cardinal vowel /ø/, although 
this represents a close-mid vowel type, whereas the Finnish quality lies between the close-mid and the open-
mid quality (see Iivonen & Huhe, 2005; Suomi, Toivanen, & Ylitalo, 2008). 
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Table 2. Rules for the calculation of the Phonological Mean Length of Utterance (pMLU; 
Ingram, 2002). 
 
1. Sample-Size Rule: Select at least 25 words, and preferably 50 words for analysis, depending 
on sample size. If the sample is larger than 50 words, select a selection of words that cover 
the entire sample, e.g., every other word in a sample of 100 words. 
2. Lexical-Class Rule: Count words (e.g., common nouns, verbs, adjectives, prepositions and 
adverbs) that are used in normal conversation between adults. This excludes child words, 
e.g., mommy, daddy, tata etc. Counting child words can inflate the pMLU if a child is a 
reduplicator. 
3. Compound Rule: Do not count compound words as a single word unless they are spelled as a 
single word, e.g., ‘cowboy’ but not ‘teddy bear’, i.e. ‘teddy bear’ would be excluded from the 
count. This rule simplifies the decisions about what constitutes a word in the child’s sample. 
4. Variability Rule: Only count a single production of each word. If more than one occurs, then 
count the most frequent one. If there is none, then count the last one produced. Counting 
variable productions may distort the count if there is a highly variable single word. 
5. Production Rule: Count 1 point for each consonant and vowel that occurs in the child’s 
production. Syllabic consonants receive one point, e.g., syllabic ‘l’, ‘r’ and ‘n’. (Some 
transcriptions may show these as two segments, i.e. a schwa plus consonant, e.g., ‘bottle’ 
[bɑdəl], but it should be counted as one consonantal segment.) Do not count more segments 
than are in the adult word. For example, a child who says ‘foot’ as *hwut+ has two consonants 
counted, not three. Otherwise, children who add segments will get higher scores despite 
making errors. 
6. Consonants Correct Rule: Assign 1 additional point for each correct consonant. Correctness in 
vowels is not counted since vowel transcriptions are typically of low reliability. Syllabic 
consonants receive an additional point in the same way as nonsyllabic consonants. A child 
who applies liquid simplification, for example, will get 1 point for producing a vowel, e.g., 
‘bottle’ *bɑdo], but 2 points if the syllabic consonant is correct. 
 
 
The Sample-Size rule advises selecting a minimum of 25 words, but preferably 50 
words for the pMLU analysis. Ingram (2002) justified the size of 25 words by counting the 
pMLUs on three different 25 word samples taken from a corpus of a single child. He 
concluded that the values from the three different samples ranged from 6.2 to 6.6, and that 
the sample size of 25 words was adequate for a reliable analysis. However, Taelman, Durieux 
and Gillis (2005) questioned this guideline because it was based only on a single example, 
and explored the matter more closely. In contrast to Ingram, Taelman et al. concluded that a 
sample size of 25 words was too small to obtain reliable results for pMLU values greater than 
4.5, and even a sample size of 50 words would not result in reliable pMLU values for the 
pMLU scores greater than 5.5. Thus, Taelman et al. suggested selecting a minimum of 100 
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words for the pMLU values over 5.5 and always to report the sample size and standard 
deviations.  
According to the Variability rule, only a single production of one word is accepted for 
the analysis and this should be the most frequent one in the sample. If there is none, then 
the last one that occurred should be accepted. In the Lexical-Class rule Ingram (2002) advises 
accepting words that are ‘used in normal discussion between adults’, and to exclude so-
called ‘child words’ (e.g., reduplicative forms such as pipi, ‘owie’, pupu, ‘bunnie’) from the 
analysis. According to the Compound rule, compound words are accepted if they are written 
and spelled as one word, as they always are in Finnish (e.g., keinutuoli ‘rocking chair’, 
yöpaita ‘nightgown’). The pMLU counts are explained in the Production rule and Consonants 
correct rule (see earlier Chapter 1.4.1 for a detailed explanation on the calculation of the 
pMLU).  
 
1.6 The pMLU in studies of children’s phonological development 
 
Since the introduction of the pMLU, various studies have adapted this method in the 
assessment of children’s phonological development. Ingram (2002) introduced the first 
cross-linguistic results on children acquiring Cantonese and Spanish (data from Tse, 1982, 
and Loatman, 2001), and later on expanded the cross-linguistic comparisons to six languages 
(Ingram, 2008). According to Ingram, a Cantonese child (age 1;7) had relatively low pMLU 
values but high proximity scores, which suggested that the child was having a “little trouble 
acquiring Cantonese phonology” (2008: 633). The Spanish children, on the other hand, had 
high pMLU values and proximity values around 0.80 by the age of two years. The English, 
French and Dutch children, examined in the early phases of their phonological development 
(around age 1;6, data from Velten, 1943; Ingram 1985; Stoel-Gammon, 1985; Taelman et al., 
2005), had relatively low pMLU values and low PWP values, suggesting that the phonologies 
of these languages are harder to acquire (Ingram, 2008). Ingram concluded that the results 
are suggestive of cross-linguistic differences and that the whole-word measures can help us 
to understand the course of phonological acquisition in various language environments. 
Since then, the pMLU method has been used in at least half a dozen studies on children’s 
phonological development (Bónová et al., 2005; Bunta, Davidovich, & Ingram, 2005; Taelman 
et al., 2005; Bunta, Fabiano-Smith, Goldstein, & Ingram, 2009; Hase, Ingram, & Bunta, 2010; 
Martikainen & Korpilahti, 2011) and it has also been included in a computerized analysis 
program ‘Profile of Phonology’ (PROPH; Long, Fey, & Channel, 2002).  
The most recent applications of the pMLU have been used to analyse children with 
special needs. For example, Gerrits and Bree (2009) studied the early language development 
of Dutch children at family risk of dyslexia and compared the results with groups of SLI 
children and typically developing controls. Their study assessed the children’s phonological 
abilities by using both the PCC and pMLU. Gerrits and Bree found that these two metrics 
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yielded very similar results. The weakest results in both the PCC and pMLU were obtained by 
the children with SLI, the second-weakest by the children at risk of dyslexia, and the best 
results by the typically developing controls. Dutch children were also observed in a study by 
van Noort-van der Spek, Franken, Wieringa, and Weisglas-Kuperus (2009), in which they 
used the pMLU to study the phonological development in very-low-birthweight (VLBW) 
children and controls at age 2;0. They found a significant difference between the two groups 
in the pMLU analyses with the mean pMLU in the VLBW group being one point lower than in 
the full-term group. Lambrecht Smith (2009), on the other hand, studied the phonological 
and lexical characteristics of 30-month-old children acquiring English and re-examined the 
results in the light of later data on the same children’s reading skills. She reported that 
children with a reading disability had lower pMLUs at 30 months than the children in the at 
risk groups. Another interesting finding by Lambrecht Smith was that even the target pMLU 
values were lower in the reading disability group. pMLU values and PCC scores were used in 
a study of Spanish-English bilingual children with a speech sound disorder and age-matched 
monolingual peers (Burrows & Goldstein, 2010). They discovered that the differences 
between the monolingual and bilingual children in the PCC, pMLU, and proximity (PWP) 
values were not statistically significant. The authors also compared the pMLU and PWP 
results to the PCC scores and found them to be significantly and highly correlated with each 
other. A similar finding had already earlier been reported in a study by Tyler and Lewis 
(2005). Furthermore, Martikainen and Korpilahti (2011) conducted a single-subject 
intervention study on a Finnish child with developmental verbal dyspraxia. They examined 
the efficacy of two motor intervention methods, Melodic Intonation Therapy and the Touch-
Cue Method on a child aged 4;7, and they measured the efficacy with the pMLU, among 
other measures. Martikainen and Korpilahti found that the child’s progression during the 
period examined was meaningfully reflected in the pMLU values. 
 
1.7 Diagnostic criteria and definition of Specific Language Impairment 
(SLI) 
 
Specific Language Impairment (SLI) refers to a significant limitation in language ability in 
children and/or adolescents that is not accompanied by a hearing impairment or by other 
sensory problems, low nonverbal intelligence, neurological damage, emotional or social 
interaction deficits, or by oral structural anomalies (Leonard, 1998: 3; Specific language 
impairment: Current Care Summary, 2010). “The only thing clearly abnormal about these 
children is that they don’t learn language rapidly and effortlessly” (Leonard, 1998: 3). The 
prevalence of SLI is approximately 7% (Tomblin, Smith, & Zhang, 1997; Leonard, 1998). The 
areas of special weaknesses in children with SLI are usually morphology, syntax and lexicon, 
but phonological problems are also very common. Despite its label, SLI is very specific only in 
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rare cases: according to Bishop (2004), the comorbidity between the developmental 
disorders (such as ADHD, developmental coordination disorder, literacy problems, and 
impairments of social interaction) is so common that a child with an absolutely specific 
disorder is the exception rather than the rule.  
Researchers have attempted to classify children with SLI into subgroups with similar 
areas of special weaknesses. Certain subgroups have been identified in the studies (see, for 
example, Rapin & Allen, 1988), but Leonard (1998: 25) states that thus far, they should not 
be treated as discrete diagnostic divisions, but rather as useful reminders of the 
heterogeneity among children with SLI. Language deficits can also vary markedly as children 
grow older: the same disorder may be manifested very differently at different points in 
development (Bishop, 1997: 37). More investigations are needed in order to verify the 
existence of discrete subgroups. 
Although phonological problems are frequently witnessed in children with SLI, children 
with phonological problems alone are not always included in the category of SLI (Leonard 
1998: 13). However, the relationship of phonological problems and deficits in morphosyntax 
and/or lexical skills often is far from unambiguous: it is not yet clear whether deficits in some 
areas are a result of other deficits, or whether they are the source of a child’s problem 
(Maillart & Parisse, 2006). In a study by Hansson and Nettelbladt (2002), phonological 
disorders were a prominent feature of the children with SLI, although phonology was not 
part of their criteria for selection. Hansson and Nettelbladt also discovered that the children 
with SLI differed from their language-matched controls only on the phonological measures 
(2002). It is known that children with phonological disorders very often display difficulty in 
other domains of language, but the exact nature of the interactions between linguistic 
domains is not yet fully understood (Tyler, 2002). In addition, languages such as Finnish that 
have a rich inflectional morphology (see Kunnari, Savinainen-Makkonen, Leonard, Mäkinen, 
Tolonen, Luotonen et al., 2011) have interesting interactions of phonology and morphology 
and the learning processes are complicated. 
Of special interest to the present study is the phenomenon labeled as ‘verbal 
dyspraxia’. Verbal dyspraxia was originally classified as one of the subgroups of SLI (see 
Rapin & Allen, 1988). Over the past two decades, a debate has arisen over the identification 
of the pathology of dyspraxia, the symptoms related to it, and its distinctiveness from SLI 
and other speech and language problems (see e.g., Stackhouse, 1992; Davis, Jakielski, & 
Marquardt, 1998; Maassen, 2004; Ozanne, 2005; Souza, Payão, & Costa, 2009). This 
controversy is also reflected in the various labels that have been suggested for children 
suffering from dyspraxic speech; the most recent term recommended to describe the 
condition is Childhood Apraxia of Speech (CAS) (see the American Speech-Language-Hearing 
Association (ASHA), 2007). Dozens of symptoms are associated with CAS (Forrest, 2003), for 
example, a limited repertoire of vowels and consonants, the notion that the child’s inventory 
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would allow more combinations of sounds than a child actually produces, frequent vowel 
errors, more errors with increasing linguistic load, difficulties in imitating words and phrases, 
reduced diadochokinetic rates and inconsistent production. Forrest (2003), however, 
observes that solely the term inconsistent production may refer to various matters, such as 
to an inconsistency in the repetitions of the same sound sequence or word, to the 
production of a single sound across varying contexts, or to the different production of a 
sound in isolation versus in conversational speech. Maassen (2004) studied children with SLI, 
DAS (Developmental Apraxia of Speech; an earlier term for CAS) and normally developing 
children and stated that in his study approximately 50 percent of the children with SLI also 
exhibited clear dyspraxic characteristics. However, the presence of difficulties on a more 
general cognitive or linguistic level and in speech perception in CAS is under debate (see e.g., 
Bishop, 2004; Souza et al., 2009). Moreover, the clear diagnostic markers that would 
differentiate CAS from other speech acquisition disorders are still waiting to be established. 
The evidence-based treatment guidelines in Finland, ‘Current care guidelines for 
specific language impairment in children and adolescents’, were recently published by the 
Finnish Medical Society Duodecim (Specific language impairment: Current Care Summary, 
2010). These guidelines include CAS in the clinical diagnosis of SLI (which are referred to in 
the guidelines as verbal dyspraxia). According to these guidelines, verbal dyspraxia is 
described as a state in which the child’s abilities to control speech-motor movements have 
developed noticeably slower than could be expected. These children are usually described as 
having at least moderate deficits in their linguistic functioning and capacity. The label verbal 
dyspraxia is included in the Finnish version of the ICD-10 classification under the diagnosis 
code F80.1 (Expressive language disorder). 
 
1.8 The phonological problems in children with SLI 
 
The phonological profile of children with SLI is a challenging concept to describe because the 
phonological problems in children with SLI vary both in relation to the language acquired and 
to the severity of the impairment. Maillart and Parisse (2006) have also argued that the 
phonological difficulties are not consistent throughout the development, and that the 
difference between the children with SLI and the typically developing children may even 
increase with age (see also Parisse & Maillart, 2007). 
The studies of children with SLI who acquire languages other than Finnish have 
documented the fact that the phonological problems and characteristics in children with SLI 
are usually similar to those seen in younger, typically developing children (Leonard, 1998: 
71). In other words, children with SLI acquire the phonemes of the language later than their 
typically developing peers, and the segments that are acquired late by normally developing 
children are usually the ones that pose difficulties for the children with SLI, even during their 
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school years (e.g., Farwell, 1972; Fee, 1995). Phonological processes such as consonant 
cluster reductions, final consonant deletions, and word-initial weak syllable deletions have 
all been found in the speech of both children with SLI and typically developing children. In 
the speech of children with SLI these phonological processes have, however, been observed 
at a later age than in typically developing children (Ingram, 1981; Leonard, 1982; Fee, 1995; 
Bortolini & Leonard, 2000; Aguilar-Mediavilla, Sanz-Torrent, & Serra-Raventós, 2002). While 
unusual phonological errors have been reported, they might be only somewhat more 
general in the SLI group than in the typically developing group (Leonard, 1998: 76).  
The phonological profile of Finnish children with SLI has thus far been analysed only in 
a case-study by Leiwo (1977) and in a few graduate theses (case studies by Jortikka, 1994; 
Mäenpää, 1994; Pihlajamaa, 2006; Ikonen, 2007; Haimi, 2009). Leiwo described the delayed 
language development of two Finnish boys J and A, of which J (age 7;7) exhibited a more 
clearly deviant profile. According to Leiwo (1977), J’s phonology and words were 
characterised by frequent vowel errors and consonant omissions and substitutions. 
Furthermore, J’s words were represented in different (erroneous) forms, and his speech was 
described as being highly unintelligible. Leiwo also found that J’s deficiencies in articulation 
had partly been grammaticalized and lexicalized: he had learned to produce all the 
phonemes of the language, but could not generalize the right articulation in all the words. 
The phonological development of children with verbal dyspraxia (CAS) is usually 
delayed from the onset. A recent retrospective study by Highman, Hennessey, Sherwood, 
and Leitão (2008) examined parents’ reports of early vocal behaviours in children with 
suspected CAS (sCAS), in children with SLI, and in typically developing children. On many of 
the items, the children with sCAS and children with SLI were reported as exhibiting similar 
behaviours. In other words, they were less vocal, less likely to babble, and their first words 
and first two-word combinations emerged later than in the typically developing children. 
However, the sCAS group differed significantly from the SLI group with respect to the 
percentage of children reported to have babbled and the reported age of the emergence of 
two-word combinations. This was most likely due to the apraxic children’s difficulties with 
the volitional movements that are needed for speech production.  
As for later phonological development, the children with CAS can be non-verbal or late 
talkers, especially non-fluent and/or highly unintelligible (see e.g., Ozanne, 2005). The 
children’s phoneme inventories may be somewhat smaller than in typically developing 
children, but the main problems usually lie in combining the segments in syllables and 
words. The problems in the planning or programming of motor-speech movements to 
produce speech can lead to inconsistent errors, variable productions and even to deviant 
prosodic features. Difficulties in imitating words and phrases are also often associated with 
CAS (see e.g., Davis et al., 1998). One of the important features in making a differential 
diagnosis of SLI versus SLI with apraxic features is the finding that children with apraxic 
speech show slow progress in treatment (Pollock & Hall, 1991). Campbell (1999) reported 
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that according to the parental report, children with dyspraxia needed 81 percent more 
therapy sessions than children with mere phonological problems before their speech 
intelligibility had increased. 
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2 AIMS OF THE STUDY 
 
The aims of the present dissertation and the articles related to it were the following: 
 To study the applicability of the Phonological Mean Length of Utterance (pMLU) -
method to the data of children acquiring Finnish, both in typically developing 
children and in children with a Specific Language Impairment (SLI), and more closely 
 
- to examine the variation in the pMLU results of Finnish children at the end 
of the one-word stage (Study I) 
 
- to examine whether the method is able to express the level of children’s 
phonological development quantitatively (Study I) 
 
- to explore cross-linguistic differences in the pMLU values (Study I) 
 
- to examine whether the pMLU method is capable of gauging the children’s 
developing phonological skills and reflecting the qualitative changes and 
individual differences in the children’s phonologies (Study II)  
 
- to examine whether the pMLU method is able to express the phonological 
problems encountered by the Finnish children with SLI (Study IV) 
 
- to study if and how the pMLU values of the children with SLI differ from 
those of their age-matched peers and from younger, typically developing 
Finnish children (Study IV). 
 
The results of the Studies I and II made it also advisable to: 
 Review the information obtained in the earlier studies on the phonological 
development of children acquiring Finnish in a coherent manner (Study III). 
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3 SUBJECTS AND METHODS 
 
3.1 Subjects 
 
The studies reported in this dissertation have had the advantage of being able to analyse 
data from various other studies on children acquiring Finnish. Table 3 (see page 20) presents 
the sources of these data, the subjects related to each study and some key characteristics of 
the data collection and analyses. 
 
Table 3. The data used in the studies comprising the dissertation. 
 Study I Study II Study III Study IV 
Origin of the 
data 
 Kunnari (2000, 6 
children) 
  Savinainen-
Makkonen (2001, 6 
children) 
  The child’s 
developing 
language and 
interaction –project 
at the University of 
Helsinki 
(2002−2009, 5 
children) 
The child’s 
developing 
language and 
interaction –
project at the 
University of 
Helsinki (2002-
2009) 
 Morphological 
Deficits in Specific 
Language 
Impairment –
project at the 
University of Oulu 
 
 
Subjects 17 typically 
developing 
children 
9 girls, 8 boys 
5 typically 
developing 
children 
3 girls, 2 boys 
 4 children with 
SLI 
 
3 boys, 1 girl 
Research 
method class 
Cross-sectional Longitudinal 
follow-up 
Review Cross-sectional 
Ages Age range 1;2−2;0, 
mean age 1;8 
All subjects were 
assessed at age 
2;0, 2;6, 3;0, 3;6 
 4;8, 4;9, 4;9, 5;5 
Form of the 
data 
Audio- and 
videotapes 
Videotapes  Videotapes 
Duration of 
the recording 
sessions 
30 minutes 30 to 90 minutes  20 minutes 
The number 
of words 
accepted for 
the pMLU 
analysis 
25−35 At age 2;0: 50,  
at age 2;6: 88,  
at age 3;0: 100,  
at age 3;6: 100 
 63−100 
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All children in Studies I and II came from monolingual Finnish-speaking families and 
had normal developmental histories. The four children in Study IV were also from 
monolingual Finnish-speaking families, but had been diagnosed with F80.1., Specific 
Language Impairment with dyspractic type of speech / problems with sequential articulatory 
movements. The children with SLI had scored at least 1.25 standard deviations below the 
mean on a test of expressive language, the Finnish standardisation of the Reynell III 
(Edwards, Fletcher, Garman, Hughes, Letts, & Sinka, 1997; Kortesmaa, Heimonen, Merikoski, 
Warma, & Varpela, 2001) and at least 1.0 standard deviation below the mean on a test of 
receptive vocabulary, the Finnish Peabody Picture Vocabulary Test (Dunn & Dunn, 1981). 
The children also met the following exclusionary criteria based on diagnostic records: 
Nonverbal IQ scores above 85 on the WPPSI-R (Wechsler, 1995) and passing scores on both a 
hearing screening (20 dB at 250, 500, 1000, 2000, 4000 and 6000 Hz) and an oral-motor 
investigation. These children did not display any evidence of frank neurological dysfunction 
or impaired social interactions. In addition, they did not have any history of chronic otitis 
media according to parental report.  
 
3.2 Transcription 
 
The data used in Studies I and II was transcribed using the International Phonetic Alphabet 
(IPA) and the meaningful words produced by the children were identified by following a 
procedure devised by Vihman and McCune (1994). The criteria are based on both formal 
(phonetic) and functional (or pragmatic-semantic) considerations, such as the degree of 
segmental match with the adult target, use in a clearly determinative context, and 
identification by the mother. Each word candidate was rated for the presence or absence of 
each type of evidence (see Vihman & McCune, 1994 for further details). The inter-rater 
reliability was checked in Kunnari’s (2000) study and the agreement for consonant 
transcription was 87 percent. In Savinainen-Makkonen’s study (2001), the data was 
transcribed by two or three people listening together. The study of five children in the 
Child’s developing language and interaction -project reported an agreement for consonant 
transcription that was 94 percent. In Study II, the inter-rater reliability for the consonant 
transcription was 89 percent. The data in the Study IV was transcribed phonemically by a 
speech and language therapist.  
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3.3 Analyses 
 
The analysis in Study I was restricted to the meaningful word productions at the end of the 
one-word stage, at the 25 word-point4. In Studies II and IV, the analyses were made at 
different age points (see Table 3). The data presented in the Studies I, II, and IV was analysed 
with the pMLU method (Ingram & Ingram, 2001; Ingram, 2002). The method was introduced 
thoroughly earlier (see Chapter 1.4). In the pMLU analysis, the pMLU values were calculated 
for both target words and the children’s productions. In addition, the Whole-Word Proximity 
(PWP) scores were obtained, and the Whole-Word Correctness (PWC) values calculated. 
The words were accepted for the pMLU analysis according to the rules suggested by 
Ingram (2002). As Ingram recommends, onomatopoeic target words, fillers, interjections and 
reduplicative target words (for example, pipi, ‘a hurt’) were excluded from the analysis. In 
addition, only spontaneously produced words were accepted for the analysis, and imitations 
were excluded. In Study I, the pMLU analysis was made twice: the first pMLU analysis was 
conducted according to the rules suggested by Ingram, and the second analysis also scored 
the correctness of vowels.  
The rules for the calculation of the pMLU (see Chapter 1.5) have been noted to require 
some adjustments proposed by Bónová, Slančová, and Mikulajová (2005). Bónová et al. 
noted that the original rules did not cover the cases in which children exhibited phonological 
processes such as metathesis (for example, when a child produces the word sakset, ‘scissors’ 
as [sɑsket], see also Taelman et al., 2005) and proposed a Positional rule to cover these 
cases: only segments realized in the proper position in the word are counted as being 
correct. Bónová et al. also reported that the words should be compared to the ‘real’, spoken-
language targets instead of to the standard versions of the words and they suggested an 
Input rule to cover this matter. This matter was not clearly expressed in the original rules, 
and in fact, the Lexical Class rule that advised to count “words that are used in normal 
conversation between adults” could be interpreted as being slightly misleading. In addition 
to the new rules presented here, the researchers in Finland have adjusted the rules for the 
calculation of the pMLU to cover some important issues in Finnish that were not part of the 
original calculation rules. These phenomena are phonetic errors (distortions) in the 
children’s speech, the production of quantity in Finnish, and the addition of segments to 
otherwise correct forms. These items will be examined next more deeply. 
The original rules for the calculation of the pMLU do not mention distortions, but we5 
assumed that the Consonants correct rule would not have allowed distorted consonants to 
                                                          
4
 The 25 word-point refers to the concept developed by Vihman and Miller (1988). The 25 word-point is 
defined as the first 30-minute recording session, during which the child produces at least 25 different words 
spontaneously.  
5
 The writer uses the pronoun ‘we’ throughout the dissertation when referring to the Studies I, III and IV that 
were written with co-authors.  
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be calculated as ‘correct’. Phonemes /s, r, l, d/ are typically misarticulated by young Finnish 
children. We wanted the method to be sensitive to phoneme deletions and substitutions, 
which are typical processes present in the productions of younger children. For example, /s/ 
can be totally absent from the child’s phonetic inventory (and words) or it can be produced 
with a substitute such as /t/ or /h/ (e.g., [kitta], [kihha] kissa ‘cat’). Therefore, when a 
phoneme was distorted, that is, produced with a common Finnish allophonic variant of the 
sound (e.g., [kiθθɑ] kissa, ‘cat’), the child was given a ‘correct consonant point’ even though 
the consonant was not entirely correct. By producing a distorted sound, the child makes a 
clear distinction between this sound and others (e.g., when a child produced /s/ as [ʃ] or [θ], 
/r/ as [ʀ] or [ɾ] or /l/ as [ɬ]). We wanted this effort to be distinguished from cases when a 
child substituted or omitted the sound. The ability to produce the sound in contrast to 
others (that is, so that the listeners will not confuse this sound with others) represents more 
linguistic knowledge than does the deletion or substitution of the sound. Moreover, this also 
makes the words more intelligible. Another reason for this decision was the restricted 
consonant system of Finnish: there is only one sibilant, /s/, and only one trill, /r/, which 
leads to more variation being allowed in the production of these sounds, even among adults 
(compared with English, for example). In the speech of very young children, the sounds /s, r/ 
are also often produced with variation during a single recording session: sometimes /r/ can 
be correct and in some cases distorted, because the child is in the process of establishing the 
right articulation model. 
The quantity distinction was another special phenomenon in Finnish that required 
extra attention in the pMLU counts. Finnish words such as matto, ‘carpet’, and kukka, 
‘flower’, contain consonantal segments that are written and pronounced as long: /tt/ and 
/kk/, respectively. The rules for the calculation of the pMLU advise us to assign one 
additional point for each segment, and one extra point for each correct consonant. This 
means that for matto, the target score would have been eight points (five points for the 
segments /m, a, t, t, o/ and three points for the correct consonants /m, t, t/) and the child’s 
production [tɑtto] would have been worth seven points (five points for the segments /t, a, t, 
t, o/ and two points for the correct consonants in the geminate /tt/)6. However, if we had 
assigned the ‘correct consonant points’ for both consonants in the geminate /tt/, the child 
would have been rewarded for the correct lengthening of the sound. Considering that 
Finnish has two length distinctions, long and short, we would have thus also been obliged to 
reward the children for the correct short forms of the sounds. This would eventually have 
become extremely complicated. In addition, the word-medial geminates do not even require 
the children to change articulation place or manner – only to lengthen the sound correctly. 
This is why we decided to treat the consonant geminates differently. For instance, in the 
                                                          
6
 If we had given the word only four points for the four segments /m, a, t, o/, there would have been no 
difference between the Finnish words mato, ‘worm’, and matto, ‘carpet’. 
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‘segment’ counts, all the segments are assigned one point, but in the correct consonant 
counts, the geminate consonants and vowels are worth one point only. For example, the 
target word matto is worth seven points (five points for the segments /m, a, t, t, o/ and two 
points for the correct consonants /m, t/) and the child’s production *tɑtto] is worth six points 
(five points for the segments /t, a, t, t, o/ and one point for the correct word-medial 
consonant /t/). 
In the rare cases of the segments being added to otherwise correct words (such as the 
word lapio, ‘shovel’, produced as [lɑpilo] by the child, with an extra /l/ added between the 
vowel sequence /io/), even though all the correct segments are present in the word, the 
added segment reduces the intelligibility of the word and the word is not entirely correct,. 
However, the original pMLU rules suggested by Ingram (2002) do not cover such cases. In 
the pMLU counts, we subtracted one point from the otherwise complete value if there was 
an extra segment in the word: In the case of [lɑpilo] lapio, ‘shovel’, the pMLU score for 
[lɑpilo] would have been six points instead of seven. 
In addition to the pMLU analyses, the data analysed qualitatively the children’s 
phonetic inventories (Studies II and IV), consonant cluster7 inventories (Studies II and IV), 
diphthong inventories (Study IV), and their abilities to produce long words (Studies I, II and 
IV) and abilities to produce word-initial consonants (Studies II and IV). In the inventory 
analyses, a phoneme (consonant / vowel), consonant cluster or a diphthong was included in 
the inventory when it occurred in at least two different words. Furthermore, the phonemes, 
clusters and diphthongs that occurred once were considered to be marginal and were 
marked in brackets.  
 
 
 
 
 
 
 
 
                                                          
7
 The term ‘cluster’ in this dissertation refers to a word-medial cluster that can occur on the boundary of two 
different syllables (e.g. cluster /nt/ in lin.tu, ‘bird’) and within a syllable (for example, the cluster /rk/ in purk.ka, 
‘chewing gum’). 
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4 RESULTS 
 
4.1 Study I 
 
The purpose of Study I was to apply the newly developed method, The Phonological Mean 
Length of Utterance, (pMLU, Ingram & Ingram, 2001; Ingram, 2002), to the data of 17 Finnish 
children at the end of their one-word stage. The main objective was to examine the 
phonological development and variation in Finnish children using both the pMLU method 
and some qualitative analyses, and to determine to what extent the results were consistent 
with the earlier results that were reported for children acquiring other languages. In 
addition, the intention of this study was to examine how the results would reflect the 
characteristics of the ambient language. To achieve this, two separate pMLU analyses were 
conducted: one that followed Ingram’s (2002) rules in which only correct consonants 
received extra points, and another that also scored the correctness of vowels. 
The first analysis dealt with consonants only, and the average pMLU score for the 
children’s target words was 6.52 (range 5.27−8.43), and the average pMLU score for the 
children’s productions was 5.06 (range 4.04−6.43). The proximity in those productions was 
then assessed: the mean Whole-Word Proximity (PWP) score was 0.78 (range 0.72−0.87). 
The number of entirely correctly produced words was also calculated: the mean Whole-
Word Correctness was 0.23 (range from 0.08 to 0.45), which indicated that on average, a 
quarter of the words were produced entirely correctly. 
The second analysis that also scored the correct vowels yielded somewhat higher 
results for both the target pMLU and the children’s pMLU values, due to the addition of 
points for the correct vowels. The mean pMLU scores for the target words was 8.81 (range 
7.15−11.33), and the mean pMLU scores for the children’s productions was 6.73 (range 
5.73−8.43). The mean PWP score in this analysis was 0.76 (range 0.70−0.84). The demands 
relating to the correct production of vowels led to the fact that the second analysis was 
found to be on average slightly stricter than the first analysis: PWP was 0.78 in the first and 
0.76 in the second analysis. Individualised examination of the results exposed the children 
who were encountering difficulties with the production of vowels. 
Both analyses had great variation in the children’s results. This result was expected, as 
the children were at the early stage of phonological acquisition, at the point of producing 
approximately the first fifty words (ages between 1;2–2;0). During this period in 
phonological development, the variation between children usually is indeed very wide. 
Overall, the children seemed to be managing rather well with the target words. This is 
reflected in their proximity (PWP) values being around 0.75 in both analyses. However, it is 
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noteworthy that the proportion of correctly produced words (PWC) was still extremely 
modest, around 0.25, relating inter alia to the inaccuracies with vowels. When the results 
were examined from a cross-linguistic perspective, we noticed that typological similarities 
between languages lead to similarities in the pMLU values: The Finnish children’s results 
were similar to those reported earlier for Spanish children, but different (i.e., high) when 
compared to those reported for English-learning children (Ingram, 2002). 
Typological differences between languages were also highlighted when the results 
were examined qualitatively. In Finnish, long words are common and children target them 
during the early phases of their phonological development. Nearly 90 percent of the words 
targeted by the children in this study were di- or polysyllabic, whereas children learning 
English usually target a large number of monosyllables, which are very frequent words in 
English (both in the speech of children and adults). The Finnish children were able to 
produce 96 percent of their disyllabic words without truncation, but they still often reduced 
the multisyllabic words to disyllabic productions. It is important to remember that the 
Finnish consonant inventory, consisting of 13 consonants, is relatively small compared to the 
complex system of 24 consonants in English. This was also reflected in high pMLU scores: 
there was less challenge and more variation allowed in the productions. An inverse 
relationship was also found between the low target pMLU scores and the high PWC scores: 
entirely correctly produced words were mostly cases of simple words consisting of only one 
consonant and one or two vowels. Another finding was that the low proportion of word-final 
consonants in Finnish versus the high proportion in English was determined to be a factor 
that explains the cross-linguistic differences.  
The overall results for Study I indicated that the pMLU results reflected the typological 
differences between languages. Thus, the results for the children acquiring Finnish were not 
easily comparable to the results obtained from the studies of children acquiring other 
languages, such as English. The pMLU results for Finnish children varied greatly in terms of 
proximity and whole-word correctness, and the PWC value was lower in those children who 
exhibited many difficulties with vowels. Moreover, the rules for the calculation of the pMLU 
were found to be in need of adjustment, and the children who were experiencing difficulties 
in the production of vowels were only uncovered in the second analysis that also calculated 
the scores for the correctness of vowels. 
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4.2 Study II 
 
The aim of this study was to apply the Phonological Mean Length of Utterance -measure 
(pMLU; Ingram & Ingram, 2001; Ingram, 2002) to the data of five Finnish children and to 
evaluate their phonological development longitudinally at four different age points: 2;0, 2;6, 
3;0, and 3;6. The study assessed whether the pMLU method was able to capture both the 
qualitative changes and individual differences between the children. Qualitative analyses 
were conducted for consonant inventories, multisyllabic words, word-medial consonant 
clusters and word-initial consonants. The study also evaluated the method’s strengths and 
weaknesses. 
Table 4 presents the mean scores and ranges for the target pMLUs, the children’s 
pMLUs, PWPs and the PWCs at the four assessment points. The children’s mean target word 
pMLUs increased moderately during the period assessed (from 7.85 to 8.73), despite a small 
decrease in the mean target pMLU values between age 2;0 and 2;6. This decrease was found 
to be due to the material that the children played with. For example, during the recording 
session at 2;0, the material elicited many multisyllabic words8. Furthermore, children’s own 
mean pMLU values increased systematically during the observed period from 2;0 to 3;6, and 
from 6.72 to 8.65.  
The greatest individual variation in the children’s pMLU values occurred at 2;0. This 
variation was also discernible in the qualitative analyses: At 2;0, the sizes of the children’s 
consonant inventories still varied greatly. The truncation of words with three or more 
syllables occurred in the data of four of the five children, and the children’s abilities to 
produce heterosyllabic medial clusters were still modest. Four of the five children exhibited 
some word-initial consonant omissions. The mean proximity value was already as high as 
0.86 in the two-year-old children (range 0.78−0.90) and the mean proportion of entirely 
correctly produced words (PWC) was 0.43, that is, 43 percent (range 0.23−0.52).  
 
 
 
 
                                                          
8
 The material presented for the children at 2;0 included many games and toys with multisyllabic target words, 
as it was in the research groups’ interest to determine whether the children were already capable of producing 
multisyllabic words. The children were, however, able to select the toys they wanted to play with, and no direct 
elicitations were made. 
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Table 4. Mean scores and ranges for target pMLU, children’s pMLU, PWP and PWC values at 
2;0, 2;6, 3;0 and 3;6.  
Age 2;0 2;6 3;0 3;6 
Target pMLU 7.85 7.83 8.72 8.73 
Range 6.78−8.90 7.50−8.38 8.38−8.86 8.43−9.39 
Children's pMLU 6.72 7.24 8.50 8.65 
Range 6.02−7.70 7.05−7.41 8.22−8.71 8.39−9.21 
PWP 0.86 0.93 0.97 0.99 
Range 0.78−0.90 0.88−0.95 0.96−0.99 0.98−1.00 
PWC 0.43 0.60 0.76 0.90 
Range 0.23−0.52 0.50−0.69 0.57−0.89 0.74−0.98 
 
The most substantial growth in the children’s pMLU, PWP and PWC values was 
witnessed between the ages 2;0−2;6 and 2;6−3;0. This growth was also reflected in the 
qualitative analyses: during the third year in the children’s life, their consonant inventories 
were complemented, and at three years, only one or two segments were missing (usually /d, 
r/) from the children’s inventories. The children exhibited only a few truncations of long 
words at 2;6, and at 3;0, they were no longer present in the children’s speech.  The abilities 
to produce correct word-medial heterosyllabic clusters also increased markedly during the 
ages 2;0−2;6 and 2;6−3;0: In one child the number of correctly produced clusters grew from 
0 to 73 percent during the period from 2;0 to 3;0. Two of the five children also exhibited 
some word-initial consonant omissions at 3;0, which suggests that for some children, the 
production restrictions concerning the word-initial position can be long-lasting. However, at 
3;6, none of the children omitted word-initial consonants.  
The children’s PWC values increased steadily over the entire period examined, but in 
one child, the growth in PWC values was moderate. That particular child was having 
difficulty producing the vowels /y, æ, ø/. These difficulties were not reflected in the child’s 
pMLU and PWP values, because the vowels were not assigned a ‘correct vowel’ point in the 
same way as the consonants were. However, in the PWC values his problems with vowels 
became visible: At 3;0 and 3;6 he had much lower PWC values than the other children. The 
fact that the correct vowels were not scored a ‘correct vowel point’ affected the ability of 
the pMLU method to discriminate between children. An inverse relationship between the 
low target pMLUs and high Whole-Word Correctness (PWC) values was witnessed (see also 
Study I). In other words, the lower the target word pMLU values (that is, the less 
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complicated words the child attempted), the higher the overall correctness values (that is, 
the words with a simple structure were easier to be produced entirely correctly). In addition, 
the pMLU’s ability to reflect the qualitative differences in the children’s productions was 
questioned: two children with similar pMLU values had very different phonological abilities. 
One child targeted long, complex words with many clusters but subsequently encountered 
problems with these structures, while the other child targeted simple structures and 
managed very well with them. It was the proximity (PWP) value that revealed the 
differences between these children.  
The pMLU method’s ability to mirror the children’s phonological abilities and to 
differentiate between children becomes more uncertain around the age 3;6, when the 
children’s target words are already as complex as they can be and the children’s pMLUs are 
almost flawless. In fact, only negligible differences emerged in the PWP values at 3;6 (PWP 
range 0.98−1.00), but the PWC value revealed that not all the children were yet producing 
words entirely correctly (PWC range 0.74−0.98). Furthermore, phonetic irregularities 
(distortions of the sounds /s, r/) were still common in the data of these five children—
however, in the pMLU, PWP or PWC values, distortions were not shown, since they were not 
taken into account in the pMLU calculation (see Chapter 1.5 for a detailed analysis and 
discussion on this matter).  
All in all, the pMLU method detected the children’s overall phonological progress 
during the period examined, but the method displayed weaknesses in detecting the actual 
differences between the children that were discovered only after the qualitative analyses: 
children with highly different target words and abilities to produce these words did have 
similar pMLUs. The pMLU thus conflates word length with accuracy and only the PWP values 
revealed these differences between the children. The fact that the correct vowels were not 
scored also led to misleadingly high results for the pMLU and PWP in one child: his 
difficulties with vowels were apparent only in the PWC values. Around or after age 3;6, when 
the children’s challenges have turned more into phonetic instead of phonological ones, it is 
no longer reasonable to use the pMLU method in the evaluation of typically developing 
children.  
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4.3 Study III 
 
The aim of this article was to bring together recent research on the phonological 
development of children acquiring Finnish and to compare these results with the general 
trends in phonological development, which are usually based on the studies on children 
acquiring English. The article reviewed studies on phonemic inventories, phonotactics and 
word length acquisition in an attempt to provide a benchmark with regard to typical pho-
nological development, which could also be used as a framework for identifying phono-
logical delay.  
The effect of the ambient language on the children’s phonological development has 
been documented to occur as early as in the prelexical period (from birth to around one 
year) from the second half of the first year onwards in studies of speech perception in 
children acquiring Finnish and other languages (see e.g. Richardson, 1998; Kuhl, 2004). At 
the same time, the cross-linguistic differences start to appear also in the children’s babble 
(Lyakso & Silvén, 2002; see also Boysson-Bardies & Vihman, 1991).  
During the period of the first words (starting around one year and lasting about half a 
year), cross-linguistic differences become more evident: typological differences between 
languages lead to language specificity in the children’s productions. For example, Finnish 
infants begin to distinguish singleton and geminate stops in their production as early as at 
the four-word point (Vihman & Velleman, 2000; Kunnari, Nakai, & Vihman, 2001). However, 
during the first-word period, three-mora first syllables (e.g., kurk.ku, ‘cucumber’) have been 
noted to constitute extra challenges for children (Turunen, 2003; Savinainen-Makkonen, 
2007). The results from children acquiring Finnish have also indicated that children target 
and produce multisyllabic words already during the period of their first words (Savinainen-
Makkonen, 2000b), and that disyllables are the most common words in the children’s 
lexicons (Study I). This is in stark contrast with, for example, children acquiring English, as 
they tend to prefer monosyllables as their first words. In fact, English monosyllables are also 
very frequent in adult speech. The reasons for the Finnish children’s favouring of the 
disyllabic words have been found to be at least two-fold. Firstly, disyllables are common in 
Finnish. Secondly, geminate structures in disyllabic words (e.g., hattu, ‘hat’) are common in 
the speech of both Finnish adults and children (Kunnari, 1997). Moreover, the geminates 
might pull the child’s attention away from the onset consonants (Savinainen-Makkonen, 
2007; Vihman & Croft, 2007; see also Vihman, 2010), leading to frequent word-initial 
consonant omissions (usually concerning the sounds /v, h, j, l, r/) that have been witnessed 
during the early stages of the phonological development in children acquiring Finnish 
(Savinainen-Makkonen, 2000a). As for the acquisition of vowels and consonants during the 
period of the first 50 words, we noted that despite the quite complex vowel system of 
Finnish, the vowels seemed to be acquired relatively early. However, the vowels /y, æ, ø/ 
are sometimes problematic for children until 3;0 or 4;0 years. On the basis of the studies 
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reviewed, the consonants that are acquired first by children acquiring Finnish are similar to 
those in studies of other languages: the first inventories usually consist of stops and nasals 
(Kunnari, 2003). The most prominent language-specific feature in Finnish children seems to 
be the absence of /d/ in their early inventories. This finding, however, relates to the 
marginal role of /d/ in the consonant system of Finnish.  
The onset of the period of systematic phonological development (around age 1;6/2;0) 
is characterised by the systematic ways by which children render target words to fit their 
own articulatory patterns. Although children are already capable of producing several 
consonants and multisyllabic words, and start to combine the words into small sentences, 
output constraints still limit their productions. 
Around age 2;0, the ability of Finnish children to produce consonants usually varies 
considerably: some use almost a complete inventory, while others use only a few 
consonants (Kunnari, Savinainen-Makkonen, & Paavola, 2006). However, as early as around 
the age 2;6, the differences between the children seem to decrease and often all their 
inventories are almost complete, usually with the exception of the phonemes /d/ and /r/ 
(Savinainen-Makkonen, Kaikkonen, Saaristo-Helin, & Kovasiipi-Nieminen, 2009). It seems 
that the small Finnish consonant inventory does not offer much of a challenge for children 
when compared, for example, with the complex system of 24 consonants in English. 
Phonological processes (omissions, assimilations) have been employed in the Finnish 
children’s productions in order to obey the strict phonotactic restrictions in the first-word 
period, but these restrictions gradually fade away. However, some processes still appear in 
more complex structures, such as consonant clusters. Unlike many other languages, Finnish 
children rarely reduce9 consonant clusters. Instead, rather than reduce, they simplify10  
clusters (Savinainen-Makkonen, 2006; Savinainen-Makkonen et al., 2009). The typical 
simplification processes used by Finnish children are compensatory lengthening of a vowel 
and assimilation and these processes are used in words with heterosyllabic medial clusters 
(Savinainen-Makkonen, 2006; Savinainen-Makkonen et al., 2009). Nonetheless, the clusters 
that are acquired first by the Finnish children are usually homorganic clusters (Savinainen-
Makkonen, 2006). 
The ability of Finnish children to produce long words (with three or more syllables) has 
been found to develop relatively early (Savinainen-Makkonen, 2000b). During the period of 
the first words, multisyllables are usually reduced to mono- or disyllabic forms. However, 
Finnish children learn to produce the right number of syllables quite soon during the period 
of their systematic phonological development. If and when they truncate words, the 
truncations are usually based on the trochaic pattern (Savinainen-Makkonen 2000b; see also 
                                                          
9
 Reduction refers to those cases when one or both segments in the cluster are omitted.  
10
 Simplification refers to those cases when both elements in the cluster are produced, but one or both of them 
are produced in a non-adult manner (e.g. substituted or assimilated). 
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Kulju & Savinainen-Makkonen, 2008; Torvelainen, 2007). Nevertheless, the pattern of their 
truncations has been found to be affected by the sonority of consonants, and the word-
medial geminates. After age 3;0, their long words are usually produced with the right 
number of syllables.  
Phonological development and maturation may continue even up to the age of ten 
years, but the acquisition of phonemes is usually completed around the age of four to seven 
years. For children learning Finnish, the last segments they acquire are usually /d, r/ and the 
clusters that contain these consonants. In addition, the accurate production of /s/ may also 
occasionally cause problems for the children. It is important that Finnish children develop 
phonological awareness during the finalizing period of their phonological development, as 
this is an important prerequisite for their literacy skills later.  
This review article demonstrated the language-specific phenomena and processes 
during the phonological development in children acquiring Finnish. Some of these processes 
are explicitly emphasized when the acquisition process of children acquiring Finnish is 
examined alongside the phonological development of children acquiring English. Language-
specific and individual characteristics are evident and distinctive from the latter half of the 
prelexical period onwards, up to the finalizing period in phonological acquisition.  
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4.4 Study IV 
 
The aim of this study was to assess the phonological development of four Finnish-speaking 
children (ages 4;8, 4;9, 4;9, 5;5) with Specific Language Impairment (SLI) that was 
characterized by phonological problems, especially verbal dyspraxia. We intended to find out 
whether the phonological problems encountered by the children with SLI show up in the 
Phonological Mean Length of Utterance (pMLU, Ingram, 2002) results and in more 
‘traditional’, qualitative, analyses. In addition, the results for the children with SLI were 
compared to those for age-matched, typically developing controls (TD-A children) and to 
those for younger, typically developing children.  
In children with SLI, the target pMLU values ranged from 7.10 to 8.11 and in the TD-A 
children from 8.19 to 8.95, i.e., the target pMLU values were already higher for the TD-A 
children than for the children with SLI. The pMLU values in the children with SLI ranged from 
6.02 to 6.61, while in the TD-A children they ranged from 8.19 to 8.90, and were thus much 
higher than in the children with SLI. Whole-word Proximity (PWP) values, which reflect the 
relationship of the target pMLU values to the children’s pMLU values, ranged in the children 
with SLI from 0.81 to 0.85. By contrast, in the TD-A children, the proximity values ranged 
only from 0.99 to 1.00, which is the highest possible score. The children with SLI produced 
correctly on average one-third of all their words: the Whole-word Correctness value (PWC) 
ranged from 0.31 to 0.45 (mean PWC value 0.35), while the TD-A children had a higher 
percentage of correctly produced words: 0.98 or 0.99 in all four children. This indicates that 
only one or two words (out of 100) were produced incorrectly by the TD-A children.  
As could be expected, the differences between the children with SLI and the TD-A 
children were prominent in all the values examined. When the results for the children with 
SLI were compared to those for the five two-year-old children in Study II, the values were 
highly similar. In other words, the average target pMLU values, the pMLU values, as well as 
the PWP and PWC values, were all close. Moreover, the average values in the typically 
developing two-year-olds were only slightly higher than those in the children with SLI. 
However, the ranges in the values of two-year-olds were also larger, suggesting that more 
variation between the children is present in the early stages of their phonological 
development. In addition, the number of words analysed in each group was still quite small 
(an average of 88 for the children with SLI and 46 for the two-year-old children). To verify 
the results, we need more data from both of these groups. 
To uncover the phenomena behind the numeric results in the pMLU, PWP and PWC 
values, the qualitative analyses in this study have examined consonant and vowel 
inventories, diphthongs, heterosyllabic medial clusters, word-initial consonant omissions, 
truncations of multisyllabic words and the production of disyllabic words in more detail. 
These analyses did not reveal that children with SLI had markedly smaller phoneme 
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inventories. On the contrary, the analyses showed that the consonant inventories for the 
children with SLI lacked only one or two consonants, and all the children with SLI produced 
all the vowels at least in some word position. The production of diphthongs was also 
assessed, but no clear differences emerged between the two groups: both the children with 
SLI as well as the TD-A children made some errors when they attempted to produce 
diphthongs. 
One important finding was that the children with SLI were noted to target fewer words 
with heterosyllabic medial clusters than the TD-A children, and the abilities of the children 
with SLI to produce heterosyllabic medial clusters were found to be very limited. For 
example, the children with SLI produced only one to three homorganic clusters, whereas the 
TD-A children produced from 13 to 17 clusters, both heterorganic and homorganic. Our 
analyses also revealed that one child targeted fewer polysyllabic words than the others, but 
the reduction of polysyllabic words was not exceptionally common in the data of children 
with SLI.  
We found word-initial consonant omissions to be very frequent in the speech of two 
children with SLI, and the omissions also concerned the consonants that have not been 
documented to be typically vulnerable to word-initial omissions (/p, t, k/). In the speech of 
the TD-A children, no word-initial omissions were found. One of the children with SLI 
exhibited no word-initial consonant omissions, but in a separate analysis of that child’s 
disyllabic words, she was found to use several consonant assimilations. Thus, her strategy 
was different, but the goal was same: to utter a disyllabic word with only one consonant. In 
the analysis of disyllabic words, the differences between the children with SLI and the TD-A 
children were clear: the proportion of disyllabic words with one consonant in the children 
with SLI ranged from 12 to 31%, while the TD-A children produced no disyllabic words with 
errors. Three of the four children with SLI also exhibited inconsistent errors, and vowel 
errors were also made by three of the four children. Furthermore, two children with SLI 
added consonants to the word-initial position in words beginning with a vowel, which 
suggests that the word-initial syllable consisting of a single vowel might pose a problem for 
the children with SLI. 
The results for the children with SLI were in line with previous findings from children 
with SLI in that their phonology largely resembled the phonology of younger, typically 
developing children (e.g., Leonard, 1998: 71; Aguilar-Mediavilla et al., 2002). For example, 
the qualitative analyses revealed similarities in the results for the children with SLI and the 
two-year-olds in Study II. It is noteworthy, however, that unusual phonological processes 
were also detected in the children with SLI. These included the omission of word-initial 
stops, consonants added to the initial position in words beginning with a vowel, and 
frequent vowel errors.  
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The productions of the children with SLI revealed some substantial deficiencies in the 
pMLU method. For instance, difficulties with vowels and diphthongs were disregarded in the 
pMLU counts, and as a consequence, the method did not yield appropriate results 
concerning, for example, the children’s speech intelligibility. In future, when children with 
dyspraxic phonological disorders are examined, the pMLU must be adapted to attribute 
more importance to the vowels. Another limitation to the method was that it excludes 
unintelligible words from the analysis. The result is that it cannot be determined whether 
the children with SLI really targeted less complex words and fewer multisyllabic words, 
because many of these words might have been left out of the analysis. 
Taken together, the pMLU method did detect the phonological difficulties experienced 
by the children with SLI, for the results for the pMLU, PWP and PWC analyses were far from 
being similar to those of the age-matched peers, and were more similar to those of the two-
year-old children. The qualitative analyses complemented the results, but also revealed 
some of the methodological weaknesses, which surface especially when assessing the data 
from children with SLI. 
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5 DISCUSSION 
 
The studies comprising this dissertation have applied the pMLU method (Ingram, 2002, see 
also Ingram & Ingram, 2001) to the data of Finnish children and have presented an analysis 
of the phonological development both quantitatively and qualitatively in children acquiring 
Finnish. These studies have been conducted in cross-sectional as well as longitudinal 
arrangements. Studies I and II examined the phonological development of typically 
developing Finnish children by applying the pMLU method, and complemented the results 
with some qualitative analyses. Study III offered a review of earlier results and presented the 
general trends in the phonological development of children acquiring Finnish and other 
languages. Finally, Study IV extended the pMLU analyses to the data from children with SLI 
and age-matched peers and conducted large qualitative analyses of the data. Apart from 
many other studies assessing children’s phonological development, this dissertation is 
unique, because it is both a study of Finnish children’s phonological development in typically 
developing children and children with SLI and an examination of the application of a new 
phonological analysis method, the pMLU. The results of this study provide new information 
on the Finnish children’s developing phonological systems in both typical and atypical 
settings. Furthermore, the results offer important information on the possibilities and 
limitations of the whole-word approach in the phonological assessment of Finnish children.  
 
5.1 The pMLU method: general remarks 
 
The pMLU was originally developed to serve as a quantitative assessment method of 
phonological development that should be applied to the data of spontaneous speech. This 
composition allows the method to be applied in many languages (in principle, any language), 
because there is no predetermined set of words or a scoring system that would be difficult 
to apply cross-linguistically. Only the rules for the calculation of the pMLU need to be 
adjusted to suit the demands of different languages. However, the fact that the pMLU is 
based on spontaneous speech samples, and the words produced by the children vary from 
one assessment point to another, leads to the situation that the values are very vulnerable 
to changes in the recording situations and material presented for the children. This finding 
was noted in Study II, where games and toys eliciting the production of multisyllabic words 
led to higher target pMLU values at age 2;0 than at 2;6 in the five children acquiring Finnish. 
However, the lack of temporal test−re-test reliability is true of all the assessment methods 
employing spontaneous speech, as has also been reported in the study by Morris (2009). 
According to Stoel-Gammon (2010), this lack of temporal ‘stability’ in relational measures is 
an aspect of phonological assessment that should receive more attention in future studies. 
The notion that the children’s target words can be assessed and quantified in the same 
manner as the children’s productions is not old. The pMLU of the target words “expresses 
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the level of challenge a child is facing – or taking on – in the words he or she attempts” 
(Vihman et al., in revision). This approach is new, and a very welcome contribution to the 
field of phonological assessment, because the pMLU method thus directly assesses child-
directed speech in terms of colloquial features rather than in standard words. 
 
5.1.1 The benefits and weaknesses of a whole-word approach in the 
assessment of children’s phonological development 
 
When the pMLU method was developed (Ingram & Ingram, 2001; Ingram, 2002), the field 
had one established metric that was applied widely and cross-linguistically to assess 
children’s phonological development (or rather, the existence of phonological problems in 
children), the Percentage Consonants Correct, PCC (Shriberg & Kwiatkowski, 1982). The PCC 
is the oldest and most commonly used metric, and it has received widespread validation 
through usage. However, researchers have also been intent on testing the new method, the 
pMLU, both in cross-linguistic studies as well as in the studies of children with special needs. 
Some of the recent studies (e.g. Tyler & Lewis, 2005; Burrows & Goldstein, 2010) have 
employed both the pMLU and PCC in the studies of children’s phonological development to 
estimate whether one of these methods is superior, but thus far neither of these metrics has 
been proven to be better nor more precise than the other. Both measures reward the 
children for the production of correct consonants, but while the PCC is purely a segmental 
measure because it only assesses the correctness of single segments, the pMLU analyses 
whole words: in the pMLU the child firstly receives points for all segments in the word, not 
just consonants. This whole-word approach makes the pMLU method different from other 
methods: it is a combination of relational and independent analysis methods (see chapter 
1.1). In other words, the child’s words are compared with their targets (=relational analysis), 
but are also given points for all the segments, whether they are correct in relation to the 
target forms or not (=independent analysis). This seems to be one of the advantages and 
reasons why the researchers have been interested in the pMLU method and the next 
paragraph examines this matter more deeply. 
For typological reasons, the benefits of a whole-word approach are highlighted when 
languages such as Finnish are studied. Ingram (2002) justified the development of a new 
method by arguing that children can produce words that have a similar number of 
consonants correct, but that are different in terms of word length and have varying degrees 
of correctness. This idea is demonstrated clearly if we consider the Finnish word lentokone, 
‘airplane’. A child could produce that word as [eekokone] in the early stages of his or her 
phonological development. With the PCC, the score for [eekokone] would be 40 percent 
(there are only two correct consonants out of five, although the child is able to produce a 
four-syllabic word), whereas with the pMLU method, the target pMLU for this word would 
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have been 14 and the child’s pMLU for *eekokone+ would be 10. This would lead to a 
proximity value of 0.71 (i.e., 71%, versus the PCC value of 40%). In other words, the child is 
rewarded also for the attempt to produce the first two syllables in the word, although there 
are zero consonants correct in the first two syllables. More examples of this type of (long) 
words are listed in the Table 5 below. 
 
 
Table 5. Some comparisons of the PWPs and PCCs with respect to the long words targeted 
and produced by the children. 
Target word Child’s word Target pMLU Child’s pMLU Proximity 
(PWP) 
PCC 
lentokone 
‘airplane’ 
[eekokone] 14 10 0.71 40 
ampiainen 
‘wasp’ 
[ɑɑpɑne] 12 8 0.66 50 
ambulanssi 
‘ambulance’ 
[ɑmpuɑɑtti] 15 10 0.66 20 
perhonen 
‘butterfly’ 
[peenone] 13 9 0.69 40 
lusikka 
‘spoon’ 
[kukikkɑ] 10 8 0.80 33 
 
 
The examples in Table 5 show that with respect to these polysyllabic words, the 
proximity value (PWP) seems to depict the complexity in the child’s words more 
appropriately than the PCC. Thus, a whole-word approach might be more reasonable and 
realistic than a purely segmental approach in the evaluation of children’s phonological 
development and disorders, at least in children acquiring Finnish. However, it seems that the 
benefits of the whole-word approach are flattened or left unnoticed in larger samples, 
because no clear difference between the PCC and pMLU has thus far been found. On the 
other hand, studies comparing the results for the PCC and pMLU have been made in 
languages other than Finnish. Since we know that long words are common in Finnish and 
that Finnish children are capable of producing multisyllabic words already at a young age (in 
contrast to the English-learning children who often mainly target monosyllables), it would be 
interesting to see if the differences between the two methods emerge more clearly in the 
results for children acquiring Finnish. The finding that the children’s abilities to produce long 
words is covered in the pMLU method, but not as satisfyingly in the PCC method, leads to 
the question whether the pMLU would be more appropriate in those languages in which 
long words are common, such as Finnish. However, larger samples are needed to verify this 
notion. 
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The advantages of the pMLU method can, nonetheless, turn out to be disadvantages. 
As was noted in Study II, only the PWP values could determine the differences between 
children who had similar pMLU values. This was an observation also made by Ingram (2002) 
when he introduced this metric. As a consequence, we cannot actually compare children on 
the basis of the pMLU values, but only on the basis of the PWP values. However, the fact 
that the pMLU value conflates word length with accuracy has some important implications. 
The following example demonstrates this issue: a child may produce the word perhonen, 
‘butterfly’, as *eenone+ and receive a pMLU of seven points (out of target pMLU of 13 
points). Here, the child produces a three-syllabic word with correct vowels but with only one 
correct consonant. Yet another child could produce the same word as [pelho] and receive 
the same number of points (7/13). This word suffers from a syllable omission and one of the 
consonants has been substituted, but we might consider it as a more intelligible word than 
[eenone]. In this case, [eenone] would receive a PCC score of 20 percent and [pelho] a score 
of 40 percent. The fact that the pMLU rewards children for producing ‘something’ to mark 
the right number of syllables may not be fair in all cases. Considering this example we might 
also ask what actually constitutes a phonologically complex word. While indeed it is possible 
that a word contains complex segments (for example, the Finnish /r/), the position of the 
segments might be complex (word-initial, word-final), the segments might be ordered in a 
way that is complex (clusters, diphthongs), or the word might be complex because it consists 
of many syllables (long words). However, a measure such as the pMLU (or the PCC) does not 
acknowledge, for example, the consonant clusters as being a highly complex structure, but 
instead treats a word with a cluster as being equal to the words without clusters. In the 
pMLU (and in PCC), it is the number of consonants that counts, not their position in a word 
and this is a statement that is not always justified. 
In this context one could also assess the implied parallel to the MLU measure (Brown, 
1973) that was introduced by Ingram and Ingram (2001; see also Ingram, 2002). According to 
Ingram and Ingram (2001: 272), the pMLU “attempts to do what MLU does in language 
assessment (i.e., provide a number that increases with the child’s increase in the length of his 
or her productions)”. However, contrary to what Ingram and Ingram claim, children’s words 
do not always get longer as they become more complex. Another important point is that 
children’s development is not always linear, as was already noted in the introduction (see 
chapter 1.2). Similar findings have actually also been made in the application of the MLU 
measure to Finnish data (see Nieminen, 2007): the children’s truly advantaged utterances 
may become hidden behind the numbers, as the MLU is only an average that is always 
counted for the whole sample. In addition, as Nieminen states, the MLU only sees the 
utterances as having a certain number of morphemes, despite the quality of the morphemes 
or the entities that the utterances constitute.  
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5.1.2 The pMLU’s ability to express the characteristics of phonological 
development in children acquiring Finnish 
 
When the value and feasibility of the pMLU method is considered, both in research theory as 
well as in relation to clinical application, the central issue is whether the pMLU is able to 
differentiate between children. We noticed in Studies I, II, and IV that the vowel errors and 
phonetic distortions in the children’s speech constituted additional challenges for the pMLU 
method. Their impact is examined below in more detail. 
As Study III concludes, the Finnish vowel system with eight vowels is rather complex 
when compared to the common five-vowel systems of many other languages. Nonetheless, 
the Finnish vowels are usually acquired relatively early, although the vowels /y, æ, ø/ 
sometimes pose particular challenges to children. One of the most distinct weaknesses of 
the pMLU method that was detected in Studies I, II, and IV, was the fact that this method 
ignores the production of correct versus incorrect vowels. This matter arose briefly when the 
data from typically developing children was examined (Studies I and II), but the issue was 
brought more clearly into focus when the data from children with SLI was analysed (Study 
IV). The method was not capable of distinguishing between children who committed errors 
with vowels and those who did not: the pMLU and PWP values did not detect the frequent 
vowel errors made by children with SLI. Whereas vowel errors are characteristic of children 
with dyspraxic speech, they can also be seen as a part of typical development, as was the 
case in one child in Study II. In this respect, the pMLU method is indeed not ideal for the 
evaluation of the phonology, unless the correct vowels are also scored an extra point in the 
same way as correct consonants. For languages with reduced vowel inventories the pMLU 
might thus be more accurate than for languages with a large vowel inventory: this finding 
weakens the strength of the method as a universal or language-independent measure of 
phonology. 
 It may be justified to conclude that the more complex the vowel system of the 
language acquired, the more reason there would be to also assign extra points to the correct 
productions of vowels. This would help in obtaining an appropriate picture of the child’s 
phonological abilities and it would also reduce the need to describe the child’s disabilities 
qualitatively. If the correctness of vowels is not scored, vowel errors become apparent only 
in the PWC values, and thus all values should be examined. The general trend seems to be at 
the moment, however, to report only children’s pMLU values (see e.g., Gerrits & Bree, 2008; 
van Noort-van der Spek et al., 2009) or the pMLU and proximity (PWP) values (see e.g., 
Burrows & Goldstein, 2010; Hase et al., 2010; Vihman, et al., in press). Originally, Ingram 
(2002) decided not to score the correctness of vowels based on the assumption that 
transcribers have more difficulty reaching agreement on the correctness of vowels than 
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consonants. If the correctness of vowels would be scored in the future studies, we would 
definitely need to report the inter-rater reliabilities for the vowel transcriptions as well. 
There are some disadvantages in a pMLU calculation that counts distorted phonemes 
as correct consonants. By assigning correct consonant points for distortions, these are, 
indeed, distinguished from omitted or assimilated sounds. However, now the distortions 
also become hidden behind the numbers. For example, the child’s PWC value can in principle 
be 1.00, although he/she would have produced several phonemes with a distorted variant 
and these words would therefore not be ‘completely correct’. What is more, no change 
occurs in the pMLU, PWP or PWC results even when a child actually learns to produce the 
correct phoneme. A calculation system with 0.5 points for distorted sounds was taken into 
consideration when the pMLU was first applied to the data of Finnish children, but rejected 
because we wanted the method to be as simple as possible. Nonetheless, we wanted to 
adopt the system that scored distorted phonemes as correct ones for the reasons explained 
see Chapter 1.5 (the distinction between assimilated/omitted sounds and distortions; small 
consonant inventory in Finnish; great variation allowed in the production of sounds in 
Finnish), and because we wanted the method to be more a measure of phonology than 
phonetics. All in all, we need to consider that the phonetic aspect of phonological 
development is thus not sufficiently covered by the pMLU method. This is because separate 
qualitative analyses must be carried out in order to obtain a comprehensive picture of the 
phonetic features and distortions in the children’s speech. Whether or not this is a feature of 
the pMLU method that needs to be developed further remains for the future studies to 
decide. 
The qualitative findings of Studies I, II, and III suggest that, in general, Finnish children 
master a majority of the phonological features of Finnish already at a rather early age. The 
fact that Finnish children meet the phonological demands of the ambient language relatively 
early cannot presumably be ascribed to the excellence of Finnish children, but rather to the 
structure of the Finnish language. Due to the same typological qualities, we have witnessed 
cross-linguistic differences in many aspects of the phonological acquisition as early as from 
the prelexical period onwards (Study III). We have also seen that the pMLU, PWP and PWC 
values for children acquiring Finnish are quite high already at the early stages of 
phonological development (Study I and II). We noticed that disyllabic words were the most 
frequent in the speech of children at the end of the one-word stage and that children 
already targeted multisyllabic words, while the number of monosyllables was minor. One 
might ask whether the finding that Finnish children are capable of producing words with two 
syllables very early and also start using multisyllabic words at an early stage, calls to question 
the ability of the pMLU method to differentiate between children earlier in Finnish than in 
other languages. In other words, some evidence suggests that Finnish children produce the 
prosodic form of the word at the expense of the correctness of the segments (Torvelainen, 
2007), which refers to the fact that the children are perhaps attempting to produce 
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‘something’ to mark the correct number of syllables, although the segments (both 
consonants and vowels) may still be completely in error. It might be that only numerous 
syllable omissions and very simple words with only one consonant in the child’s speech 
would lead to very low pMLU, PWP and PWC results. Study I demonstrated that the PWP 
values of the Finnish children at the end of the one-word stage were around 0.78, whereas 
those, for example, of English-learning children were around 0.64 (see Ingram, 2002). It 
therefore seems that the Finnish children in general have only the ‘upper part’ of the PWP 
scale in use: none of the 17 children in the Study I had PWP values under 0.70. This probably 
relates to the limited consonant inventory and frequency of long words in Finnish, versus the 
complex consonant inventory but frequent monosyllabic target words in English. We must 
note, however, that only 17 Finnish children participated in the Study I: with more children 
we might witness somewhat larger variation in the results.  
The cross-linguistic comparisons of the pMLU results (Ingram, 2008) revealed that 
children acquiring different languages have obtained very different results at the same ages 
(see Chapter 1.6). Now our results have shown that the pMLU and PWP values in Finnish 
children are quite high from the early stages of phonological development onwards, and that 
the maximum in the pMLU and PWP results is achieved in typically developing children 
already around the age of 3;6. From a linguist’s point of view, the pMLU is a very tempting 
method to use in the study of typically developing children if it can be utilised to evaluate 
the rate of language acquisition in different language environments.  
 
5.1.3 The pMLU in the study of children with SLI 
 
It has been previously noted that the overall phonological development and maturation in 
the children acquiring Finnish can be measured by the pMLU method, although this method 
faces some serious challenges with respect to the scoring of vowels. Our qualitative analyses 
complemented the quantitative results. The aforementioned finding that the children are 
rewarded for producing the word length in the pMLU, although the segments would be in 
error, is important if we consider the phonological assessment of children with SLI. As the 
children with SLI may encounter problems in their production of multisyllabic words, a 
method is needed to indicate their progression in their ability to produce long words. A 
‘segment-oriented’ measure would not capture the progression made by children with SLI in 
their abilities to produce long words.  
The children with SLI in Study IV exhibited clearly dyspraxic profiles, and they had 
notable deficiencies in phonology. When the productions of the children with SLI were 
examined using the pMLU method, we discovered that the PWP values for the children with 
SLI were, despite major difficulties with sequential articulatory movements, relatively high 
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(PWP values were approximately 0.85). However, when the results for the children with SLI 
were compared to those of their age-matched peers, we noticed that the gap was clear 
between the two groups in the results was clear, as the age-matched peers’ pMLU and PWP 
values were very high, nearly flawless (0.99 or 1.00). The pMLU and qualitative results in the 
children with SLI were described as somewhat similar to those of the two-year-old children 
in Study II. With respect to the phoneme inventories in the children with SLI, our study made 
similar findings to those in Leiwo (1977): The children’s problems emerged in the 
syntagmatic analyses, not in their inventories. One must note, though, that the children in 
Study IV represented only one group in the large spectrum of children with SLI. All in all: the 
fact that the results from the children with SLI differed clearly from those of their age-
matched peers suggests that the method has value if it is to be used in intervention studies – 
we just first have to determine the ranges for the typical values in each age group. 
In Study IV we omitted some data from the analyses, because the target words for 
unintelligible utterances produced by the children with SLI could not be identified. The 
children’s productions had most likely suffered from various phonological processes and 
these words had become unintelligible. However, when the words accepted for the pMLU 
analysis were examined qualitatively, we noticed that it seemed that compared to their age-
matched peers, the children with SLI did not target as many multisyllabic words or the words 
with heterosyllabic consonant clusters. Furthermore, the target pMLUs in the children with 
SLI were much lower than those of their age-matched peers. Lambrecht Smith (2009) has 
also observed children who had been diagnosed later with a reading disability also had lower 
target pMLU values at 30 months than the children in the at-risk group. One must note, 
though, that the observations on lower target pMLUs (at least in our study) may be 
attributed to the unintelligible productions of the children with SLI that were not accepted 
for the analysis: the complex multisyllabic words produced by the children with SLI were 
probably those that could not be accepted for the analysis, because these productions were 
unintelligible. In order to verify this hypothesis, we would need to analyse all productions of 
the children with SLI − the number of unintelligible productions per child and the nature of 
the productions − with a relevant analysis method (for example, the Word Complexity 
Measure, WCM, Stoel-Gammon, 2010; see also section 1.1). All in all, the ability of the pMLU 
method to assess unintelligible productions is a consequence of the method’s relational 
nature, and this is a weakness of all relational analysis methods.  
Studies I and II argued that the Lexical-Class rule of the pMLU method that advises 
excluding what is referred to as reduplicative ‘child words’ from the analysis is somewhat 
questionable. It was stated that these reduplicative forms (such as pipi, ‘owie’, pupu, 
‘bunnie’) are those that children in the early stages of phonological acquisition are 
particularly likely to produce (and also those words that the children may be able to produce 
correctly), and since there is no finite list of excludable words, considerable variation will 
most likely occur when the PMLU method is applied to different languages. The issue is also 
important when we consider the data from the children with SLI. By excluding target words 
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with reduplicative forms, we might exclude important information concerning the children’s 
abilities. Vihman et al. (in press) have already made the decision not to follow the Lexical-
Class rule in a study of toddlers with delayed speech, because that rule would have made 25-
word samples impossible to achieve.  
A typical feature in the speech of children who have problems with sequential 
articulatory movements is variability. Variability was not covered in the pMLU, PWP and 
PWC results, because only one production of a word is accepted for the analysis. In the study 
of typically developing children, this was not a problem, because the productions are usually 
quite consistent. Hase et al. (2010) resolved the case of variation in the children’s 
productions so that when more than one production of a word occurred, Hase et al. 
calculated the pMLUs for all the variants of the same word, and then used the average pMLU 
of these variants in the study. In the future, the Whole-Word Variability value suggested by 
Ingram (2002) could also be used to study the variability in the speech of children with SLI. 
 
5.1.4 Some qualitative remarks on the phonological development in Finnish 
children 
 
The qualitative analyses conducted in Studies I, II, and IV, produced some interesting 
information about the qualitative nature of the children’s phonological development, and 
these analyses verified many results obtained in previous studies of Finnish children’s 
phonological development. Some of these issues have already been discussed in the earlier 
sections with respect to the discussion of the pMLU results. This section explores some of 
the details that have not yet been covered. 
As was noted in Study III, the Finnish consonant system with 13 consonants is relatively 
simple. Of these consonants, the phoneme /r/ was discovered to be usually among the last 
ones to be acquired, and also to be the ones showing the most variation in the children’s 
productions. This is because the normative phonetic production of /r/ requires an apico-
alveolar trill, which is motorically challenging for the children. However, distorted forms of 
the /r/ can be found much earlier in the children’s speech. Another consonant to be 
acquired relatively late is /d/, which is related to its marginal role in Finnish. The variation 
exhibited in the children’s productions of the phoneme /s/ was associated with the fact that 
it is the only sibilant, allowing more variation even in the production of /s/ in the speech of 
Finnish-speaking adults. In the children’s abilities to combine the phonemes in words (for 
instance, in heterosyllabic consonant clusters), intensive were phases in the development 
between the ages 2;0−2;6, and 2;6−3;0 (Study II). Similar findings have also been made in the 
study of Savinainen-Makkonen et al. (2009). Consonant clusters containing the phoneme /r/ 
were noted to be among the last ones acquired (see also Savinainen-Makkonen, 2006; 
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Savinainen-Makkonen et al., 2009). In typically developing 4−5-year-old children, the 
challenges in phonological acquisition usually relate to the fine adjustment of the sounds /d, 
r, s/. 
On the basis of the results presented in Study I, Finnish children are able to produce 
disyllabic words without truncation very early. On the other hand, disyllables are very 
common words in Finnish, whereas the number of monosyllables in Finnish is minor, 
compared to the frequent number of monosyllables in English. Overall, the Finnish children 
are able to produce the right number of syllables in words already at a very early age, both 
in typical (Study II, see also Savinainen-Makkonen, 2000b; Turunen, 2003) and atypical 
development (Study IV). It is interesting to note that Study IV on children with SLI found 
similar results relating to the production of long words as Torvelainen (2007): the correct 
number of syllables in words is often produced even at the expense of the segments. 
Although the reductions of the multisyllabic words in children acquiring Finnish do not 
always follow the trochaic strong + weak pattern, it is tempting to speculate that the fixed 
stress system in Finnish may be associated with the fact that word length is mastered so 
early by Finnish children, both in typically developing children and children with SLI. On the 
other hand, the various inflectional forms (suffixes) attached to the word stems may force 
the children to pay attention to the word endings and to words as a whole, resulting in early 
attempts to express grammatical markers. 
As to the qualitative results of the children with SLI, some unusual errors were 
witnessed in the speech of these children. Whereas weak syllable deletion occurring word-
initially has been found to be more prevalent in the speech of children with SLI than in 
typically developing children acquiring English (see Ingram, 1981), the word-initial position 
of consonants was very vulnerable in the children with SLI in this study. Moreover, the 
omissions in the children acquiring Finnish also applied to the sounds that usually are not 
found to be exposed to word-initial omissions (such as the stops /p, t, k/). The study by 
Aquilar-Mediavilla and Serra-Raventós (2006) has similarly revealed significant differences 
between the children with SLI and the control groups with respect to consonant deletions in 
both onset and coda positions. Another characteristic of children with SLI but not of typically 
developing children was the occurrence of frequent vowel errors and difficulties in words 
beginning with a vowel. These findings suggest that unusual errors may indeed be somewhat 
more general in children with SLI, as was observed by Leonard (1998: 76).   
 
5.1.5 Clinical application of the pMLU method 
 
When the pMLU method was first applied to the data of children acquiring Finnish, the 
purpose was that the method could be developed to be suitable for clinical use. This was to 
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address the great lack of methods for phonological analysis in the study of children acquiring 
Finnish, both in research and in clinical practice. If we return to the motivators of the 
phonological assessment procedure that were defined in the beginning of this dissertation, 
we may state that a systematic, quantitative assessment method such as the pMLU would 
indeed be highly useful in clinical settings. For example, we need quantitative data in order 
to define a stage or a level of a child’s abilities and to compare a child’s result to those of his 
or her age-matched peers. Ingram and Ingram have, however, demonstrated (2001) that the 
results from a whole-word analysis can also be meaningfully used in the outlining of 
treatment recommendations for a child with a phonological disability. We also need 
methods that will help us to show the improvement that occurs from the therapy sessions. 
This information is important for the child, the therapist, the child’s parents, the payers of 
the rehabilitation process, and the researchers as well: consistent follow-ups are at the heart 
of successful intervention studies. The question that is harder to answer properly with a 
quantitative assessment method is the one that relates to the direction and focus of the 
intervention. For a clinician, a quantitative measure is usually only a starting point in the 
assessment procedure that is not very helpful in an attempt to understand the quality of the 
child’s phonological difficulties nor in devising the strategies of remediation. For these 
purposes we need qualitative data and thorough analyses, such as the analysis of 
phonological processes applied together with a constrain-based account.  
The use of pMLU as a quantitative assessment method in clinical practice, at least in 
Finland, will still need some further developing. The reasons for this are two-fold. Firstly, the 
scoring system of the pMLU is still a bit laborious to be used in clinical settings. A solution to 
this would be a computer-based programme that calculates the pMLU, PWP and PWC values 
automatically: in other languages, such programmes have already been developed (see 
Taelman et al., 2005; Long et al., 2002). On the other hand, there is not yet enough data to 
provide pMLU norms for the different age groups – the results obtained so far are therefore 
preliminary and we need more data to verify the results.  
Although the method was originally designed for the evaluation of spontaneous 
speech, it might be useful to determine a set of words that could be used in the evaluation 
of phonology, and then calculate the pMLU, PWP, and PWC values for these productions. If 
the target words were known in advance, the target pMLU values could be counted 
beforehand and this would facilitate the pMLU analysis. Some type of elicitation method 
would also possibly be of help in maintaining the spontaneity of the situation. For example, a 
child’s mother or other caregiver could show his or her child a stack of pictures, or the child 
could watch a DVD with familiar situations, objects, sounds, etc. If the set of words were 
elicited in the form of a clear picture-naming test, we would miss the idea of the analysis 
method of spontaneous speech, but potentially obtain important information on the child’s 
phonological abilities in relation to his or her age-matched peers and in relation to earlier 
assessments by the same method.  
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5.2 Conclusions 
 
This study has assessed the phonological development of children acquiring Finnish using a 
new assessment method, the pMLU (Ingram & Ingram, 2001; Ingram, 2002). A whole-word 
approach to phonological acquisition has some indisputable advantages when compared to 
the earlier, segment-oriented approaches. After some language-specific modifications, the 
pMLU can be applied to the data of Finnish children and it provides a useful, new method to 
be used in the assessment of phonological development and, for example, post-therapy 
intervention studies. Moreover, the rate of phonological acquisition in different language 
environments seems to be reflected in the pMLU values, which makes cross-linguistic 
comparisons more possible. However, the pMLU also faces some serious challenges relating 
to its ability to distinguish between children, and especially with regard to the scoring of the 
correct vowels, specific features in the speech of children with SLI (for example, variation 
and unintelligible utterances), and phonetic distortions. When typically developing children 
are examined, the application of the pMLU method seems to be no longer meaningful 
around the age of 3;6−4;0, but when children with impaired phonological development are 
concerned, the metric can be used with older children as well. We need future studies with 
larger groups of children in order to develop the norms for the typically developing 
children’s pMLU, PWP and PWC values at different age points. In addition, larger samples of 
children with SLI are also required in order to define the average pMLU values for the 
various manifestations of SLI. 
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